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FOREWORD 


Among  the  responsibilities  assigned  to  the  Office  of  Technology  and 
Standards,  National  Communications  System  (NCS),  is  the  management  of  the 
Federal  Telecommunication  Standards  Program,  which  is  an  element  of  the 
overall  GSA  Federal  Standardization  Program.  Under  this  program,  the  NCS, 
with  the  assistance  of  the  Federal  Telecommunication  Standards  Committee, 
identifies,  develops,  and  coordinates  proposed  Federal  Standards  which  either 
contribute  to  the  inteoperability  of  functionally  similar  Federal 
telecommunication  networks  or  to  the  achievement  of  a  compatible  and  efficient 
interface  between  computers  and  telecommunications.  In  developing  and 
coordinating  these  standards,  considerable  effort  is  expended  in  initiating 
and  pursuing  joint  standards  development  efforts  with  appropriate  technical 
committees  of  the  Electronic  Industries  Association,  the  American  National 
Standards  Institute,  the  International  Organization  for  Standardization,  and 
the  International  Telegraph  and  Telephone  Consultative  Committee  (CCITT)  of 
the  International  Telecommunications  Union.  This  Technical  Information 
Bulletin  presents  a  reprint  of  questions  allocated  to  CCITT  Study  Group  XVIII 
for  the  1981-1984  plenary  period  (document  COM  XVIII  -  No.  1-E).  These 
questions,  relating  to  the  Integrated  Services  Digital  Network  (ISDN),  provide 
an  insight  into  the  direction  international  standards  and  networks  are 
heading,  and  how  they  will  look  in  the  future.  Any  comments,  inputs  or 
statements  of  requirements  that  could  assist  in  the  advancement  of  this  work 
are  welcome  and  should  be  addressed  to: 


Office  of  Technology  and  Standards 
National  Communications  System 
Washington,  DC  20305 
Telephone  (202)  692-2124 
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TITLE  :  QUESTIONS  ALLOCATED  TO  STUDY  GROUP  XVIII  FOR  THE  PERIOD  1981-198U 


1.  unis  contribution  gives  the  texts  of  the  Questions  approved  by  the 

Vllth  Plenary  Assembly  of  the  CCITT  for  study  by  Study  Group  XVIII  in  the  period 
1981-1984. 


Administrations,  recognized  private  operating  agencies,  international 
organizations  and  scientific  or  industrial  organizations  which  intend  to  take  part 
in  the  work  of  Study  Group  XVIII  are  invited  to  prepare  contributions  to  the  study 
of  these  Questions  and  to  send  them  to  the  CCITT  Secretariat  as  soon  as  possible. 


2.  The  attention  of  participants  in  the  work  of  the  CCITT  is  drawn  to  the 

following  provisions  extracted  from  the  "Additional  rules  of  procedure  of  the  CCITT" 
(as  amended  by  decisions  of  the  Vllth  Plenary  Assembly,  to  appear  in  the  Yellow  Book, 
Volume  I,  Resolution  No.  1)  : 


i)  "Contributions  which  are  to  be  distributed  in  the  normal  way  before  the 
meeting  in  the  three  working  languages  of  the  Union  (as  white  documents] 
must  reach  the  CCITT  Secretariat  at  least  three  months  before  the  date 
of  the  meeting  for  which  they  are  intended." 
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the  Questions  should  he  separated  so  that  the  text  cf 
begins  on  a  fresh  sheet  of  paper  (not  on  the  back  of 


A  contribution  should  not  as  a  general  rule  exceed  about 
(five  pages),  nor  include  no re  than  three  pages  of  figur 
pages  in  all).  The  contribution  should  be  accompanied  b 
should  be  followed  by  conclusions  whenever  possible.  Fo 
Recommendations  and  for  contributions  submitted  by  Spec! 
the  above  directives  should  not  apply. 


es  (making  eight 
iy  a  summary  and 
■r  draft 

al  Rapporteurs , 


iii)  Documents  of  purely  theoretical  interest  which  are  not  directly  related 
to  the  Question  under  study  should  not  be  submitted  in  their  entirety. 
Short  abstracts  only  of  such  articles  could  be  sent  to  the  CCITT  for 
translation  and  publication. 

iv)  Articles  which  have  been  or  will  be  published  in  the  technical  press 
should  not  be  submitted  to  the  CCITT.  Short  abstracts  only  of  such 
articles  could,  however,  be  sent  to  the  CCITT  for  translation  and 
publication. 


v)  Passages  of  an  unduly  commercial  nature  included  in  a  contribution  may  be 
deleted  by  the  Director  of  the  CCITT  in  agreement  with  the  Chairman;  the 
author  of  the  contribution  will  be  advised  of  any  such  deletions." 


2. 3  Distribution  and  format 


i)  "Contributions  should  be  drafted  in  one  (or  more)  of  the  working  languages 
of  the  Union  and  three  copies  sent  to  the  CCITT  Secretariat,  with  further 
copies  to  be  sent  by  contributors  direct  to  the  Chairman  and  Vice-Chairmen 
of  tne  Study  Group  and  tc  the  relevant  Chairmen  of  the  Working  Parties 
and  Special  Rapporteurs. 


It  is  recommended  that  a  translation  of  contributions  in  another  workir 
language  be  sent  tc  the  CCITT  Secretariat." 

ii)  "Contributions  should  be  submitted  on  very  white  paper  of  AU  format,  in 
clear  back  type.  If  the  paper  is  not  of  Ak  format,  the  text  on  each 
page  should  not  exceed  that  format . 

Tne  top  half  of  the  first  page  should  be  left  blank," 


The  addresses  of  the  Chairman  and  yics-Cnaimen  of  Study 
given  in  Table  1. 


Interworking  between  digital  syst eas  based 
different  standards 


I 
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Interfaces  in  digital  networks 


Performance  characteristics  of  PCM  channels  at 
audio  frequencies 


Characteristics  of  PCM  multiplexing  equipment 
and  other  terminal  equipments  for  voice 
frequencies 


Characteristics  of  digital  multiplex  equina 
and  multiplexing  arrangements  for  telephony 
and  other  signals 
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QUESTION  1/XVIII  -  General  network  aspects  of  an  Integrated  Services  digital 
Network  (ISDN)  (continuation  of  part  of  Question  1/XVIII, 
studied  in  1977-1980) 

This  Question  is  concerned  with  overall  studies  related  to  the  general 
features  of  future  Integrated  Services  Digital  Networks  capable  of  satisfying  the 
requirements  of  many  different  services.  Study  Group  XVIII  will  define  the  scope  and 
framework  of  an  ISDN  and  identify  the  services  which  may  be  incorporated  in  such 
networks.  It  will  study  the  evolution  of  Integrated  Digital  Networks  (IBNs)  dedicated 
to  specific  services  (e.g.,  telephony,  data)  towards  an  ISDN. 

The  objectives  will  be  to  define  overall  network  and  system  principles  which 
can  form  a  basis  for  study  and  Recommendations  by  appropriate  specialist  CCITT 
Study  Groups.  The  generic  features  appropriate  and  applicable  to  an  ISDN  will  be 
identified  together  with  optional  service  dependent  features  applicable  to  part  of  an 
ISDN. 

The  study  of  the  following  five  related  aspects  will  take  into  account  the 
considerata  arising  from  studies  carried  out  during  the  1977-1980  study  period  as 
recorded  in  Annex  A  to  this  Question.  In  addition,  the  multiple  aspects  of  this  work 
require  coordination  between  the  various  Study  Grows  ir/olved  (e.g..  Study  Groups  III, 
VII,  XI,  XV,  XVI,  XVII  and  XV). 

Some  of  these  Questions  have  to  be  studied  initially  by  Study  Group  XVIII , 
with  high  priority,  to  enable  other  Study  Groups  to  initiate  or  continue  their  work 
and  to  draft  Recommendations  within  the  current  CCITT  study  period.  In  other  cases 
Study  Group  XVIII  needs  information  from  other  Study  Groups  in  order  to  make  progress 
in  its  own  network  studies. 

Recommendation  No.  G.705  provides  information  and  f 'ture  developments  of 

the  ISDN. 

Studiea  of  ISDN  aspects  were  carried  out  under  Question  l/Vflll  during  the 
1977-1980  study  period  and  a  partial  reply  to  that  Question  is  reproduced  as  Annex  1 
to  this  new  Question.  Annex  2  record*  many  points  already  identified  and  of  relevance 
to  the  ongoing  studies.  Annexes  3  and  k  contain  significant  information  which  was 
not  fully  considered  before  the  end  of  the  study  period.  These  Annexes  are  also  of 
relevance  to  other  new  Questions  of  Study  Group  XVIII. 

Note  :  The  Chairmen  and  Vice-Chairmen  of  the  Study  Group*  involved  (Study  Groups  III, 

VII,  XI,  XV,  XVI,  XVII  and  XVIII)  will  jointly  assess  the  progress  made  by  the  various 
Study  Groups  and  initiate  any  steps  necessary  to  expedite  the  work.  This  should  take 
place  at  about  the  middle  of  the  study  period  (e.g.  beginning  of  1982),  with  the 
Chairman  of  Study  Group  XVIII  acting  aa  convenor  for  this  coordination. 

Considering 

a)  that  the  requirements  of  data  transmission  services  and  several  new  non-voice 

services  are  being  studied  by  CCITT. 

Note  :  In  several  countries  services  dedicated  digital  networks  are  already  in  service 
or  will  be  installed  for  non-voice  services  that  may  use  part  of  the  ISDN  for  access 
to  this  network. 


(22) 
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b)  many  countries  wish  to  adopt  a  common  strategy  for  extending  the  use  of 
Integrated  Digital  Networks  (IDN)  beyond  the  telephony  application  to  form  Integrated 
Services  Digital  Networks, 

c)  telephony  service  will  constitute  the  major  portion  of  the  carried  load  on 
digital  networks  characterized  by  time  division  transmission  and  switching  and 
common- channel  signalling, 

d)  efficiency  and  economy  of  methods  of  access  to  the  ISDN  from  customer 
terminals  are  significant  factors  in  planning  the  local  network, 

e)  CCITT  Recommendations  on  digital  switching  and  inter-exchange  signalling, 
which  take  into  account  the  future  evolution  of  the  IDN  for  telephony  towards  the 
ISDN,  are  already  available  in  the  Q  series  and  may  form  the  basis  for  further 
Recommendations  on  ISDN. 

Point  A.  Service  aspects 

1.  Which  services  should  be  taken  into  account  in  the  establishment  of 
network  features  of  the  ISDN  7 

2.  What  are  the  network  features  needed  to  support  these  services  7  Which 
network  features  should  be  regarded  as  general  throughout  the  ISDN,  and  which  Bhould 
be  classed  as  service  dependent  for  particular  service  applications  7 

Note  :  Among  other  network  features,  attention  should  be  paid  to  charging  so  that 
adequate  information  could  be  made  available  for  charging  purposes. 

3.  For  which  services,  if  any,  should  a  change  of  service  on  an  established 
connection  be  envisaged  7  What  are  the  implications  and  requirements  of  such  a 
feature  7 


b.  What  kinds  of  leased  paths  will  be  required  in  the  ISDN  when  it  is  in 

widespread  operation  7 

Note  1  :  Services  should  be  identified  which  will  supplant  existing  leised  line 
services. 

Note  2  :  Consideration  should  be  given  to  the  use  of  semi -permanent  connections, 
closed  user  group  and  hot-line  features,  remote  switching  units  etc. 

Point  B,  Network  aspects 

1.  What  are  the  principles  in  terms  of  network  structure  and  systems 
architecture  which  define  the  ISDN  and  which  form  the  basis  t  -r  study  of  specific 
aspects  7 

2.  Should  layered  protocols  and  functional  layers  be  adopted  for  ISDN  to  form 
the  basis  of  CCITT  Recommendations  7  If  so,  what  are  the  characteristics  of  this 
layering,  and  in  which  way  is  the  cr  -eept  of  functional  layers  used  with  respect  to 
sub-systems,  such  as,  e.g. ,  ths  signalling  channels  7 

3.  What  are  the  implications  of  ISDN  on  numbering  plans  and  service  indicators 
for  telephony  and  other  services  7 

4.  What  methods  of  voice  band  encoding  other  than  standard  PCM  (see  also 
Question  7/XVIII)  and  what  forms  of  digital  speech  interpolation  can  be  considered  in 
relation  to  the  evolution  of  the  ISDN  7 


-  8  - 

COM  XVIII-No.  1-E 


Point  C.  Customer  access 

What  are  the  principles  in  terms  of  netvork  structure  end  systems 
architecture  which  define  customer  access  to  ISDN  and  vhich  should  form  the  basis  of 
studies  of  related  transmission,  switching,  signalling  and  interface  aspects  7 

Point  D.  Interworking 

What  are  the  principles  which  should  fora  the  basis  for  detailed  study  of  me 
interfaces  interconnections  and  interworking  between  ISDN  and  service  dedicated 
networks  T 

The  following  specific  points  should  be  inr  '*d  in  the  studies  : 

i)  At  what  point  in  the  connection  should  ape*  .  ..  ,/  jeeaaing  for  interworking 
be  accomplished  (e.g. ,  in  the  originating  o.  en  in  at  ins  country)  7 

ii)  What  networks  should  be  given  preference  to  complete  connections  in  a  transit 
call  situation  7 

iii)  What  apecial  problems  arise  from  the  use  of  ISDB  to  provide  interconnections 
of  particular  aarvices  (e.g.,  according  to  X.21,  etc.)  via  different 
networks,  and  what  restrictions  or  restraints  should  be  placed  on  services 
or  networks  when  interworking  (e.g.,  to  aecoaw>date  accounting,  timing  and 
signalling,  features)  7 

iv)  What  methods  should  be  recommended  for  accusing  one  network  from  another  7 

v)  How  should  conversions  be  accomplished  (e.g.  data  to  data,  voice  to  data)  7 

vi)  What  arrangements  or  procedures  are  needed  to  accommodate  the  accounting 
function  for  a  connection  involving  mixed  networks  7 

vii)  What  influence  would  different  national  applications  of  service  integration 
have  on  the  international  network  with  regard  to  interworking  7 

viii)  What  special  problems  arise  from  the  use  of  ISDN  to  interconnect  netvorks 
carrying  services  to  existing  standard  terminal  interfaces  7 

ix)  What  are  the  possibilities  of  application  of  service  bits  allocated  in 

primary  PCM  and  higher  order  digital  systems  in  national  and  international 
digital  netvorks  7 

Point  E.  Guidelines  to  facilitate  evolution  towards  ISDN 

Which  strategy  should  be  followed  in  order  to  facilitate  and  speed  up  the 
establishment  of  a  worldwide  ISDN  7 


Note  :  It  should  be  taken  into  consideration  that,  in  the  introductory  period,  it  will 
be  necessary  to  establish  an  all-digital  network  mainly  for  the  needs  of  "business 
subscribers"  who  represent  only  a  small  percentage  of  the  overall  number  of  subscribers 
but  who  originate  a  substantial  portion  of  the  traffic.  It  may  be  useful  to  create  a 
digital  "overlay  network"  in  each  country  and  to  interconnect  these  national  networks 
by  digital  links. 
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Annex  1 

(to  Question  1/XVIII ) 

Partial  reply  to  Question  1/XVIII.  point  A 
(study  period  1977-1960 ) 


1,  Introduction 


During  the  1977-1980  study  period,  members  of  Study  Group  XVIII  have 
reflected  increasing  interest  in  ISDN  as  a  possible  means  of  enhancing 
telecommunication  networks  to  support  an  increasing  range  of  services.  An  important 
aspect  of  the  work  has  been  the  extension  of  digital  techniques  to  the  customers’ 
premises  to  give  digital  access  to  ISDN. 

The  relevant  part  of  Question  XVIII/1  is  reproduced  for  reference 
purposes  :  "On  what  general  philosophy  should  the  design  and  introduction  of  digital 
systems  be  based  7  For  example,  what  principles  should  be  applied  for  the 
implementation  of  dedicated  integrated  digital  networks  (IDNs)  for  various  services 
and  what  provisions  should  be  made  to  facilitate  the  evolution  towards  the  possible 
future  integrated  services  digital  network  (ISDN)  f" 

2.  Recommendation  G.705  provides  information  concerning  the  future 
development  and  evolution  of  the  ISDN. 

3.  In  viev  of  the  urgent  interest  in  general  ISDN  matters,  and  the  availability 
of  recent  documentation  which  had  not  been  fully  discussed  before  the  final  Meting 
of  Study  Group  XVIII,  it  was  agreed  that  a  means  should  be  found  of  continuing  the 
work  and  preparing  documentation  to  form  an  early  input  to  studies  in  the  next 

study  period.  Although  the  formal  CCITT  organization  does  not  make  specific  provisions 
to  continue  studies  during  the  transition  period  from  one  plenary  period  to  the  next. 
Study  Group  XVIII  invited  the  Rapporteur  for  ISDN  aspects  (Question  1/XVIII,  point  A 
of  the  1977-1980  study  period)  to  continue  work  by  correspondence  with  delegates  of 
other  countries  who  had  already  expressed  a  wish  to  participate  in  this  work.  It  was 
also  foreseen  that  it  might  be  desirable  to  have  a  meeting  of  those  involved  very 
early  in  the  next  study  period.  An  approach  would  be  made  to  the  Chairman  designate 
of  Study  Group  XVIII  to  make  the  arrangements,  should  such  a  meeting  be  necessary. 

k.  In  order  to  give  some  interim  guidance  to  national  studies  of  ISDN  and  related 

development  work.  Study  Group  XVIII  drew  attention  to  the  points  of  view  expressed  in 
the  following  paragraphs.  These  were  supported  by  Study  Group  XVIII  and  therefore 
reflect  confidence  in  the  approach  indicated.  The  points  are  recorded  under  headings 
which  identify  different  aspects  of  ISDN  and  facilitate  separation  of  the  subject 
into  reasonable  study  areas. 

5.  Service  aspects 

Information  exists  on  a  wide  range  of  existing  and  new  voice  and  data 
services,  and  it  is  recognized  that  ISDN  has  generic  features  capable  of  supporting 
many  of  these.  In  addition  there  is  scope  for  adding  service-dependent  features  to 
appropriate  parts  of  the  network  to  satisfy  particular  requirements  or  to  give 
interworking  access  to  service  -dedicated  networks.  Thus  the  possible  implications 
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of  all  services  will  need  to  be  considered  in  the  future,  but  it  is  proposed  that 
initial  attention  should  be  concentrated  on  : 

-  Digital  telephony  to  ensure  that  adequate  provision  is  made  for  the 
predominant  service. 

-  New  services  for  which  the  capabilities  available  on  ISDN  are  sufficient. 

6.  Network  aspects 

The  telephone  network  will  evolve  towards  an  IDN  with  switched  64  kbit/s 
telephony  channels  and  it  is  expected  that  other  services  would  be  integrated  with 
that  network  during  evolution  towards  an  ISDN, 

Constraints  may  be  placed  on  the  use  of  the  64  kbit/a  capacity  to  accord 
with  internationally  agreed  standards  for  some  services.  Connections  through  ISDN 
could  be  switched  or  semi -permanently  connected  and  "wider-band"  services  may  be 
carried  by  using  multi-slot  connections  at  n  x  6U  kbit/s.  All  ISDN  exchanges  are 
expected  to  have  stored  program  control  and  inter-change  signalling  (CCITT  No.  7 
enhanced)!  with  digital  transmission  pathB  on  routes  offering  full  ISDN  service 
capabilities.  Provision  must  be  made  for  restricting  service  when  intervorking  with 
equipment  or  networks  having  limited  capability  (e.g.  calls  routed  through 
transmultiplexors  or  into  the  analogue  telephony  network ) . 

7.  Local  network  access 


Digital  transmission  techniques  in  the  local  network  will  extend  ISDN 
to  customer^  premises  over  a  basic  access  which  may,  for  example,  be  at  72  or  8o 
kbit/a.  Other  types  of  access  will  be  considered  as  appropriate.  Ilie  basic  access 
will  then  provide  a  6b  kbit/s  information  channel  and  a  separate  channel.  The 
64  kbit/s  channel  may  be  dedicated  to  a  particular  service  or  used  alternatively  for 
voice  or  data,  and  on  an  established  digital  connection  the  path  may  be  sub-divided 
for  several  lower-rate  services.  Capacity  of  the  separate  channel  is  expected  to  be 
8  or  16  kbit/s  and  would  carry  customer/network  signalling  and  possibly  low  speed 
telemetry. 


Two  methods  of  further  exploiting  the  separate  channel  have  been  identified  : 

i)  One  method  foresees  that  the  separate  channel  would  be  dynamically 
allocated  also  to  carry  a  fora  of  data-messsge  service. 

ii)  In  another  method  the  separate  channel  would  be  sub-multiplexed  into  two 

channels  of  Ai  and  dp  kbit/s.  One  of  these  channels  would  be  used  for  data 
services  at  up  to  A2  kbit/s  in  the  local  network,  with  rate  adaptation  for 
switching  through  ISDN  at  64  kbit/s.  The  other  at  A^  kbit/s  would  carry 
customer/network  signalling  for  the  64  and  Ap  kbit/s  channels,  and  possibly 
lew  speed  telemetry. 

Alignment  information  for  the  basic  access  should  also  be  provided,  e.g. 
exploitation  of  the  line  transmission  system;  allocation  of  capacity  within  the 
72  cr  80  kbit/s. 

Where  justified  {e.g.  PABXs)  a  primary  order  digital  path  carrying  a  multiplex 
of  24  or  30  channels  may  be  extended  to  a  customers’  premises,  to  provide  several 
64  kbit/s  channels  (see  also  paragraph  9).  Customer/network  signalling  may  be 
concentrated  in  one  64  kbit/s  channel.  This  structure  could  also  apply  where  a  group 
of  ISDN  customers  are  connected  via  a  multiplexer  in  the  local  network. 
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8.  Customer  interface 

Figure  1  shows  the  functional  elements  of  customer  access  to  ISDN  and 
interfaces  A  and  B  apply  to  the  customers  premises.  A  considerable  amount  of  further 
study  is  needed  to  establish  preferred  arrangements  for  connecting  the  wide  range  of 
voice  and  data  terminals,  some  of  which  already  exist  with  defined  interface  standards. 
Possible  ISDN  accesses  at  72  or  80  kbit/s  and  1,544  or  2,048  kbit/s  would  apply  to 
interface  B  and  little  would  be  needed  in  the  form  of  Network  Termination  for 
terminals  which  conform  to  these  accesses.  Connection  of  other  terminals  at  interface 
A  would  require  appropriate  conversion  functions  in  the  Network  Termination. 

The  layered  model  approach,  devised  for  data  services  (see  Study  Group  VII 
reference)  may  offer  a  convenient  method  of  assisting  the  definition  of  the 
characteristics  of  interfaces  A  and  B,  which  must  be  studied  in  conjunction  with  the 
austoaer/network  signalling  (paragraph  10). 


A  B  C  C  0 

i  i  i  i  ■ 


CT  -  Customer  Terminals 
NT  -  Network  Termination 
LT  -  Line  Termination 
ET  -  Exchange  Terminal 

Figure  1  -  Functional  interfaces  for  digital  local  access 

9.  Local  network  transmission 

Standards  are  available  for  digital  transmission  between  exchanges  and  these 
could  form  a  basis  for  transmission  in  the  local  network.  Studies  of  ISDN  access  show 
a  need  for  at  least  two  types  of  system  :  one  operating  at  current  hierarchical  rates 
(e.g.  1,544  or  2,048  kbit/s)  ar.d  another  to  carry  the  basic  access  proposed  in 
paragraph  7.  Future  studies  may  identity  the  need  for  other  systems,  including  a 
smaller  capacity  multiplex  for  operating  over  existing  local  network  cables. 
Specification  of  interfaces  B  and  D  will  allow  evolution  of  the  transmission  system 
somewhat  independently  of  terminal  and  exchange  equipment,  in  particular  it  is 
expected  that  new  transmission  media  including  optical  fibre,  coaxial  and  radio  systems 
will  be  used  as  appropriate. 

10.  Customer/network  signalling 

Digital  access  to  ISDN  will  include  a  separate  channel  to  carry  customer/ 
network  signalling  and  possibly  other  information  as  described  in  paragraph  7.  The 
Link  Access  protocols  of  the  signalling  system  carried  in  this  channel  may  be  based 
on  the  exchange  of  frame  formatted  information  using  procedures  similar  to  those 
recommended  in  level  2  of  SS  CCi’IT  No.  7  and  Recommendation  X.25*  This  approach  should 
give  a  very  flexible,  open-ended  signalling  capability,  compatible  with  the  requirements 
of  new  telecommunications  terminals.  The  use  of  modem  technology  should  ensure  that 
the  relative  complexity  of  this  method  doe9  not  lead  to  excessive  cost. 
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The  Call  Control  aspects  of  the  customer/network  signalling  require  further 
study,  taking  into  account  information  relating  to  existing  telephony  service 
(loop/disconnect  and  multi-frequency  push-button  systems)  and  circuit  switched  data 
services  (X.21). 

The  customer/network  signalling  should  also  operate  where  a  multiplexer  is 
used  in  the  local  network.  Signalling  messages  could,  for  example,  be  concentrated/ 
distributed  between  several  digital  local  lines  and  a  common  channel  to  the  local 
exchange.  This  application  would  be  very  similar  to  the  digital  PABX  served  by  a 
multiplex  system  and  the  studies  of  customer/network  signalling  should  consider  both 
situations. 

11.  Switching  aspects 

Digital  trunk  and  local  exchanges  are  already  required  to  operate  wit!’  digital 
transmission  systems,  and  primary  and  secondary  order  multiplex  interface  standards 
for  digital  exchanges  are  available  at  1.51*1*,  2,0U8  and  Q,U8  kbit/s.  To  a  large 
extent  these  standards  could  apply  also  when  multiplex  systems  are  used  on  the 
local  network  side  of  the  exchange. 

A  new  interface  must  be  specified  for  the  basic  access  described  in  paragraph  ?, 
giving  due  consideration  to  the  means  of  implementing  conventional  telephony  functions 
(BORSCHT)  and  including  any  adaptation  of  other  services  for  switching  at  6U  kbit/s. 

This  interface  may  be  similar  to  that  existing  at  the  local  access  to  a  remote 
multiplexer  or  concentrator. 

12.  Interworking 

While  it  has  been  recognized  that  ISDN  may  be  used  as  a  means  of  access  to 
service-dedicated  networks  the  interworking  arrangements  have  not  yet  been  studied 
in  detail.  However,  interworking  in  such  cases  is  expected  to  be  at  the  inter-exchange 
level,  possible  via  nominated  "gateway"  nodes,  and  the  arrangements  could  be  based  on 
specifications  existing  for  inter-exchange  signalling.  (CCITT  No.  T  as  used  in  the 
telephony  network,  X.T5  as  used  in  Packet  Data  Networks  and  X.60  as  used  in  Circuit 
Switched  Data  Networks  1 ) 

13*  Numbering  and  addressing 

Study  Group  XVIII  recognizes  the  importance  of  the  numbering  and  addressing 
arrangements  where  different  services  are  carried  on  an  integrated  services  digital 
network.  Since  the  telephony  based  on  IDN  is  expected  to  be  an  important  basis  for 
the  development  of  the  ISDN,  the  numbering  scheme  could  similarly  grow  from  that 
used  for  the  telephony  service.  Further  study  is  needed  to  establish  a  flexibile 
scheme,  with  a  degree  of  independence  between  the  identity  of  a  network  termination 
and  the  services  available  to  a  customer  on  that  termination.  The  Study  Group  VII 
proposals  for  dedicated  data  networks  have  some  relevance. 
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Annex  2 

(to  Question  1/XVIII) 


A  basis  for  study  of  ISDN 


Studies  of  the  arrangements  for  customer  access  to  the  ISDN  through 
Contributions  and  discussions  have  lead  t.o  the  establishment  of  some  study  points 
relating  to  system  structure  and  network  architecture.  These  points  are  generally 
considered  to  be  a  good  basis  for  the  on  going  studies  but  the  increasing  volume  of 
documentation  and  related  discussion  is  making  it  more  difficult  to  locate  the 
information.  This  Annex  contains  a  first  draft  which  may  be  used  as  a  common  basis  for 
further  study  of  the  ISDN  and  customer  access  arrangements. 

For  this  Annex  the  points  have  been  largely  extracted  from  existing 
Study  Group  XVIII  documentation,  modified  by  discussion  where  necessary,  and  reproduced. 
It  is  intended  that  an  edited  and  possibly  extended  version  should  be  made  available 
for  the  April  1980  meeting  of  Study  Group  XVIII,  and  later  annexed  to  the  ISDN 
Questions  for  the  next  study  period. 

The  points  in  this  Annex  are  divided  into  different  aspects  (network, 
signalling,  transmission,  interfaces  and  terminal)  and  are  mainly  related  to  the 
emerging  6k  kbit/s  IDNs. 

The  material  consists  of  various  views  and  ideas  that  have  been  presented 
in  documentation.  They  do  not  constitute  an  agreement  that  this  is  the  way  an  ISDN 
will  develop.  In  fact  several  of  the  points  may  be  inconsistent,  incomplete  or  not 
mutually  exclusive. 

Further  studies  are  required  to  consolidate  these  ideas  and  to  formulate 
agreed  principles  upon  which  further  work  may  be  based.  It  is  particularly  important 
that  interface  and  signalling  concepts  be  agreed  early  so  that  the  detailed 
development  of  appropriate  Recommendations  may  be  undertaken. 

Future  studies  are  expected  to  provide  clarification  and  elaboration  of 
these  points,  leading  towards  the  establishment  of  the  main  principles  for  ISDN.  It 
is  acknowledged  that  new  techniques  and  technologies  nay  emerge,  together  with  further 
network  and  service  option,  and  these  will  lead  to  the  establishment  of  additional 
points  as  and  when  the  need  arises. 

N1  The  telephone  network  will  evolve  towards  an  Integrated  Digital  Network  (iDl) 

with  switched  6k  kbit/s  telephpny  channel*  and  it  was  expected  that  other  : 

service#  would  be  integrated  with  that  network  during  evolution  towards 
an  Integrated  Servi«*s  Digital  Network  (ISDN). 

N2  The  introduction  of  new  services  must  net  prejudice  telephony  which  was 

expected  to  predominate  indefinitely. 

Dependent  on  the  need  of  the  individual  subscriber,  flexibility  should  exist  to 
provide  various  access  types  e.g. 

aj  many  subscribers  may  require  only  dedicated  access  to  a  particular  fundamental 
service  on  the  ISDN  (telephony  or  data)} 
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on  a  call-by-call  basis,  to  two 


b)  sense  customers  stay  require  alternative  access, 
or  more  services; 


c)  some  customers  may  require  simultaneous  access  to  two  or  more  services 


d)  supplementary  services  such  as  listed  in  Recommendation  X.2  and  Possi^le  in 
KX  telephone  exchanges  should  be  possible  in  a  harmonised  form  for  data  and  telephony 
(e.g.  network  recall,  closed  user  groups,  call  deviation  etc.); 


e)  new  service  forms  such  as 
to  change  from  voice  to  non-voice 


with  multi-purpose  terminals  including  the  capability 
or  the  simultaneous  use  of  both  are  to  be  expected. 


r 3  Flexibility  is  needed  to  permit  progressive  introduction  of  various  new 

services,  many  of  which  are  not  yet  well  defined.  Ihe  objective  would 
therefore  .be  to  establish  network  capabilities  for  subsequent  exploitation - 

,  The  ISDN  access  arrangements  should  be  optimized  for  digital  services  although 

',jue  account  should  be' taken  of  the  large  and  continuing  population  of  analogue 
telephone  and  lines 

H5  In  studying  features  of  customer  access  attention  should  be  paid  to  the 

usefulness  of  structuring  the  interface  in  functional  levels  in  order 
to  avoid  unnecessary  constraints  on  technological  evolution.  It  is 
important  to  establish  a  level  for  the  common  telephony  interface, 
as  a  basis  for  the  multi-service  ISDN  terminal. 


116  While  it  is  recognized  that  customers  will  have  access  to  a  local 
concentrator  or  exchange,  and  that  the  local  exchange  will  provide  many  of 
the  basic  telephony  and  perhaps  other  services,  some  specialized  services  need 
not  be  provided  by  all  local  exchanges.  The  concept  is  that  local  exchanges  can 
provide  access,  on  a  call-by-call  basis,  to  other  exchanges  in  the  network  which  can  be 
regarded  as  special  nodes  because  they  provide  additional  service  capabilities.  Access 
to  such  nodes  could  for  example  be  on  demand  following  class  of  service  or  selection 
information,  or  on  a  hot-line  basis  for  every  call  from  a  particular  customer.  One 
example  of  such  use  of  the  ISDN  would  be  in  the  provision  of  access  to  a  data  packet 
switching  exchange.  It  is  recognized  that  this  concept  would  significantly  influence 
the  studies  of  customer  access  to  the  ISDN. 

117  During  future  studies,  some  considerations  should  be  given  to  the  possible 
use  of  transmission  rates  lower  than  61*  kbit/s  (e.g.  32  or  16  kbit/s)  for  telephony 
paths  in  the  network,  and  the  effect  such  paths  might  have  on  other  customer  services 
in  the  ISDN, 

id  During  future  studies,  some  consideration  should  be  given  to  the  possible  use 

of  bit  saving  techniques  e.g.  differential  encoding  for  providing  "wideband  speech"  at 
61*  kbit/s. 

I'S  Future  studies  of  ISDN  access  should  take  into  account  the  probability  that 

aJ  Integrated  Services  Digital  Networks  (ISDN)  for  telephony,  data 

and  other  aervices  will  be  growing  rapidly  in  the  next  few  years; 

c‘  the  cost  of  extending  digital  transmission  to  the  subscriber's  location 

can  be  expected  to  become  progressively  lower; 

'  .  new  services  and  facilities  can  be  provided  by  taking  advantage  of  the 

inherent  characteristics  of  the  ISDH; 

Ql  new  signal  ling  arrangements  will  be  needed  both  from  exchange  to  subscriber 

and  subscriber  to  exchange; 
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BIO  a  ^  There  is  a  need  to  develop  vithiD  a  ccranon  fraaevork  coherent  errengmente 
for  customer  access  to  different  services  provided  by  the  ISDN; 

n ^  such  arrangements  have  to  allow  various  network  architectures,  taking  into 
account  the  varying  conditions  in  different  countries ; 

Nil  In  an  Integrated  Services  Digital  Network  (ISDN)  a  connection  may  be 
required  fcr  a  call  which:- 

i.  is  exclusively  voice  (V)  service,  including  unstructured  information; 

ii.  is  exclusively  Digital  Non-Voice  (DHV)  service; 

iii.  changes  from  voice  Service  to  Digital  Non-Voice  Service  or  vice-versa 
during  the  call  to  provide  alternative  services. 

iv.  voice  and  non-voice  services  on  a  wholly  digital  connection  to  provide 
services  which,  to  the  user,  appear  to  he  simultaneous; 


N12  "Another  aspect  needing  an  early  decision  is  that  of  continuous  trans¬ 
mission  of  signals  on  the  subscriber  line,  even  under  idle  conditions 
between  calls.  Same  signalling  methods  and  supplementary  services 
(e.g.  burglar  alarm  etc.)  mays  only  be  implemented  when  the  subscriber  line 
transmission  system  is. operating  continuously. 


Some  administrations  art  preparing  plans  for  extensive  introduction 
of  digital  transmission  and  switching  equipment,  and  studying  ways 
of  exploiting  the  emerging  digital  network  by  extension  of  the  IDN 
capabilities  down  to  the  premises  of  customer  who  can  utilise  those 
capabilities.  These  networks  will  not  be  extensive  in  the  early  years 
but  suitable  standards  are  needed  to  encourage  steady  evolution. 


The  national  conditions  for  service  integration  may  differ  between 
countries  and  evolution  towards  an  integrated  services  network 
will  vary  accordingly.  In  order  to  provide  a  common  basis  for  inter¬ 
national  standardization  of  digital  networks,  however,  it  is  essential 
to  adopt  a  common  strategy  for  developing  an  ISDN  from  the  telephony 
ION. 

These  varying  conditions  give  rise  to  the  following  objectives: 

-  introduction  of  new  services  and  facilities  should  not  give 
significant  cost  penalty  to  the  major  telecommunication  service 
in  the  network 

-  as  introduction  of  new  services  and  facilities  will  be  a  continuous 
process,  the  approach  to  seivice  integration  should  be  open-ended 


Customer  access  types 

Customer  terminals  and  digital  PABX  will  evolve  rapidly  with  techno¬ 
logies  like  microprocessors,  eutomation  in  the  office  sector  and  the 
definition  of  new  services.  An  appropriate  definition  of  the  euitwr 
access  to  ISDN  is  therefore  of  utmost  Importance.  Whilst  aiming  at  a 
flexible  and  openended  approach  to  new  services  and  customer  terminals, 
a  limited  mwber  of  customer  access  types  should  be  standardized.  In 
a  first  phase  of  CCITT studies  the  following  access  types  are  proposed; 
see  also  Figure  1. 
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Nl6  Basic  ISDN  access  type 
This  comprises  :« 

a)  a  64  kbit/s  digital  path  for  : 

(I)  digital  voice  at  64  kbit/s  ,  or 

(il)  digital  data  including  Recomendation  X.l  data  user 
classes  with  rata  adaptation  up  to  64  kbit/s  ,  or 

(lit)  combined  digital  voice  and  non-voice  at  64  kbit/s  (a.g. 

56  kbit/s  digital  voice  together  with  8  kblt/s  data) 

White  soma  customers  will  require  dedicated  access  to  only  one 
of  these  service  options,  provision  should  be  made  for  alternative 
operation  on  a  call  by  call  basis,  and  for  changing  during  an 
established  call.  Limitations  to  this  latter  feature  will  be 
encountered  In  mix  ad  aaalogue/digital  networks. 

b)  A  separate  digital  path  at  a  rate  much  lover  than  64  kbit/s 
for  : 

(i)  customer /network  signalling  for  services  in  (a);  and 

(ii)  other  services  such  as  telemetry  information  (e.g.  customer  alarms);  and. 

(iii)  spare  capacity  for  future  requirements. 

An  example  of  the  basic  ISBN  access  type  incorporating  the  features  listed 
above  is  given  in  Figure  2.  It  should  be  noted  that  some  additional  bits 
have  been  provided  for  alignment  purposes  for  use  when  the  transmission 
system  does  not  provide  alignment. 

H17  Access  at  rates  lower  than  64  kbit/s 


Consideration  should  be  given  to  the  possibility  of  customer  access  at  rates 
lower  than  64  kbit/s  (e.g.  56,  48  and  32  kbit/s). 

ISDN  access  type  with  additional  channel  option 

In  addition  to  the  basic  system  capabilities  indicated  in  Nl6,  some  consideration 
should  he  given  to  the  prevision  of  other  services  simultaneously  with  the 
functions  in  a)  and  b)  of  N16. 

Additional  digital  paths  could  be  provided  to  give  further  services  as  the 
cust-ant.  res  them.  The  customer  network  signalling  for  these  services 

would  be  carried  within  channel  b)  (of  nl6).  The  access  structure  should  be 
capable  of  providing  a  smooth  growth  of  customer  services  from  those  indicated 
in  a)  and  b)  (of  Nl6)  to  multi  channel  services  such  as  these  required  by, 
for  example,  multi  function  terminals,  multi-slot  terminals  and  PABXs. 

The  additional  digital  paths  may  be  adapted  to  64  kbit/s  where  necessary 
(e.g.  for  Recommendation  X.l  services)  at  the  exchange  and  switched  through  the 
digital  network. 

An  example  in  which  the  additional  access  provides  a  low-rate  data  service 
is  given  in  Figure  3  (see  also  Sly). 
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K19  Treatment  of  services  rgguirimg 
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Two  approaches  have  been  identified  : 

(i)  services  requiring  only  a  few  (e.g.  <  5)  6b  kbit/s  digital  paths  night 
utilise  parallel  subscriber  access  at  6b  kbit/s.  Further  study  is 
needed  to  determine  the  network  control  signalling  arrangements  for 
such  applications; 

(ii)  as  an  alternative  to  (i)  a  small  transmission  multiplex  of  n  x  6b  kbit/s 
could  be  used; 

(iii)  for  services  requiring  sore  {e.g.  >  5)  6b  kbit/s  digital  paths,  a 
multiplex  based  on  the  primary  multiplex  systems  would  appear  to  be 
more  appropriate; 

N2G  Treatment  of  services  requiring  multiple  digital  paths  (including  PABXs) 

The  approaches  identified  in  1118  also  apply  in  this  case. 

N21  Treatment  of  services  requiring  less  than  6b  khit/s  digital  paths 

For  services  such  as  low-rate  data,  the  bit  stream  could  be  adapted  and  carried 
on  a  standard  6b  kbit/s  bearer  to  the  exchange.  Alternatively  a  low-rate  access 
comprising  a  bearer  to  suit  the  service  with  an  out-slot  channel  for  signalling 
etc.  (see  Nib),  and  with  adaptation  to  6b  kbit/s  at  the  exchange  (or 
intermediate  muldex)  for  switching  through  the  digital  network  at  6b  kbit/s 
could  be  used.  (Question  29/VII  is  relevant.) 


Another  alternative  is  to  interleave  low-rate  data  messages  with  signalling 
messages  on  the  out-slot  channel  of  a  multi-service  access.  (See  SB).  Yet 
another  possibility  is  to  provide  access  to  a  packet  switching  facility  and 
route  the  low-bit  rate  data  across  the  ISDN  by  the  use  of  packets. 

N22  Treatment  of  customers  requiring  unidirectional  transmission 

Some  provision  may  need  to  be  made  for  such  services  but  further  study  is 
needed  to  establish  relevant  principles.  (See  paragraph  b  of  the  Report.) 


N23  Functional  network  architecture 


In  order  to  deal  with  ISON  in  an  orderly  Manner  it  Slts^'d  be  given  a 
suitable  functional  structure.  A  first  approach  is  to  Jivide  the 
network  into  two  categories  of  functions:  ' 

-  a  category  of  basic  functions  relating  to  circuit  switched  bk  kbit/s 
digital  connections  which  would  ba  provided  by  all  local  exchanges; 
this  category  provides  telephony  and  possibly  cirea»t  switched  data 
service 

-  a  category  of  additional  functions  relating  tc  services  which  require 
additional  capabilities  which  nssd  only  be  provided  in  specie!  ecuip- 
aents  located  in  particular  network  nodes.  The  digital  local  network 
would,  a;  part  of  the  basic  functions,  provide  access  to  these  specie! 
equipments. 


(22) 


N2b  ISDN  network  aspects 

It  is  expected  that  the  ISDN  will  use  6k  kbit/s  bearer  digital  paths.  The  bit 
integrity  of  customer  generated  information  should  be  preserved  between  customer 
terminals.  Voice  frequency  signals  should  be  encoded  according  to 
See osmen dat ion  G.711. 

325  Network  control  signalling  between  the  customer  terminal  and  his  local  exchange 
for  setting  up  6k  kbit/s  connections  should  be  carried  outside  the  6b  kbit/s 
channel.  Note  that  this  does  not  preclude  the  use  of  the  6k  kbit/s  for  some 
oust  oner/'  network  and  customer/customer  signalling  after  the  initial  out-channel 
signalling  procedure.  (See  Nib) 

326  During  the  evolutionary  stages  where  extensive  interworking  occurs  between 
the  new  digital  equipment  and  existing  switching  equipment  for  telephony  type 
traffic;  the  new  network  equipment  should  ensure  that  ISDN  calls  are  routed 
appropriately.  Where  routing  over  digital  facilities  only  is  required,  adequate 
identification  and  signalling  capabilities  should  he  provided  in  order  to  remove 
any  service  restriction  on  a  particular  connection.  Note  that  this  requirement 
should  include  the  identification  of  apparently  digital  circuits  routed  via 
transmultiplexers  or  time  assignment  or  ether  digital  processing  equipment 
which  restrict  the  bit  sequence  integrity  of  the  transmission  path. 

K2T  The  ISSN  should  include  adequate  provision  for  services  which  normally  operate 
at  rates  other  than  6h  kbit/s.  These  include  : 

-  Low  rate  data; 

-  Low  rate  non-standard  encoded  voice; 

-  Higher  rate  services  which  may  be  routed  through  the  network  on  n  x  6L  kbit/s 
connections ; 


-  Wideband  services  requiring  transmission  paths  much  in  excess 
of  M  kbit/s  (e.g.  2  Mbit/s  or  store)  which.  If  connected  over 
a  network  separate  frost  the  ISDN,  stay  use  the  ISDN  for  associated 
setting-up  and  to— unication  purposes. 

~  Very  low  rate  telemetry  over  the  customers  local  tine  as  a  means 
of  conveying  alarm ^  and  surveillance  communication  -to  a  central 
location  such  as  the  local  exchange  site. 

.128  In  order  to  ensure  adequate  performance  and  flexibility  the  ISO* 

shell  be  comprised  of  5PC  digital  local  and  higher  order  exchanges . 
Interconnected  by  digital  transmission  and  oeploying  fast  Inter 
processor  cms  channel  signalling  between  exchanges,  CCITT 
bo.7.  There  will,  however,  be  freedoe  to  mova  functions  between 
nodes  In  the  ISDN  hierarchies,  end  it  is  expected  that  SM  nodes 
•■ll^he  equipped  with  extra  capabilities  to  satisfy  the  special 
requirements  of  calls  routed  to  such  nodes.  Quality  of  service 
standards  for  ISON  traffic  £ist  be  specified  in  terms  of  error 
r*t,!**  response  times,  grades  of  service  etc,  and  the  need  for 
preferential  or  priority  treatment  of  one  service  with  relation 
to  another  on  e  call  by  call  basis  should  be  considered. 


i'I 


designed  fcr  telephony  needs  and  a  separate  in-slot  protocol  is  used 
call  set-up.  is  implies  that  a  hot-line  type  of  connection  is  used  f< 
calls  to  establish  an  access  path  between  the  data  terminal  and  the  : 
functions  controlling  data  call  set-up  consistent  with  ?.ec cnuendat is: 
X.25  and  the  new  FDTE  interface  (also  referred  to  as  the  multipurpos! 
for  non-voice  services). 


Adoption  of  this  approach  would  imply  that  a  deeper  integration  of  access 
protocols,  and  thus  call  set-up  control  in  the  network,  can  later  only  be 
achieved  after  introduction  of  new  or  modified  access  urotocols. 


Me  dime 


sgration  . 


In  this  ease  an  out-slot  signalling  protocol  (0?)  is  used  for  controlling 
setting  up  of  digital  circuit  switched  61  kbit/s  connections  for  both  telephony 
and  data.  This  implies  that  an  cut-slot  signalling  technique  that  is  suitable 
both  for  telephony  and  data  is  chosen.  The  CTE*)  should  then  srovifie 
insertion  of  the  data  signalling  protocol  generated  by  the  DTE  '  into  the 
out-slot  signalling  link  of  the  subscriber  line.  (*)  See  Figure  1.) 


The  cut-slot  signalling  link  would  carry  information  blocks  which  include 
Service  indications  to  eilov  separately  defined  telephony  and  data  versions. 
These  versions  should  naturally  be  defined  with  maximum  ccnmooaiity. 

A  comparison  may  be  made  between  such  versions  and  the  Telephony  and  Data 
User  Parts  in  CCITT  Signalling  System  Ho.  7- 


On  the  assumption  that  commonality  is  achieved  i 
the  out-slot  signalling  functions,  this  degree  i 
a  good  basis  for  moving  to  a  deeper  degree  of  i 
The  restrictions  for  deeper  integration  in  the  ! 
imposed  by  the  access  protocols  but  by  the  fact 


retvees  telephony  and  data  for 
»f  integration  would  provide 
itegratiom  at  a  later  stage. 
SDH  would  in  this  case  not  be 
cflG-X  CGiit^roi  ^ * 
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are  only  applicable  .for  either  oa  telephony  and  data.  The  differences  in  the 
actual  OP  employed  and  the  call  handling  in  the  network,  would,  however,  in 
principle  not  be  differences  between  telephony  and  data  but  differences  between 
calls  involving  different  sets  of  supplementary  service/user  facilities.  That 
is,  the  nature  of  differences  between  telephony  and  data  would  be  no  different 
from  the  nature  of  the  differences  between  calls  within  each  service. 

N30  It  is  recognized  that  the  definition  of  a  multi-purpose  interface  for 

non-voice  services  has  a  bearing  on  the  system  concept  for  the  general  digital 
subscriber  line  signalling  interface.  Such  an  interface  should,  when  medium  or 
Mtiinim  integration  is  applied,  be  specified  for  both  telephony  and  data  applications. 

In  order  to  avoid  proliferation  of  new  customer  interfaces,  it  is  necessary  to 
harmonize  the  studies  on  a  multi-purpose  interface  for  non-voice  services  with  those  on 
local  IDNs.  On  the  other  hand  it  is  outlined  that  data  requirements  should  be  defined 
as  early  as  possible  in  order  to  be  properly  taken  into  account  when  developing  the 
general  digital  subscriber  line  signalling  interface. 


N31  The  definition  of  standards  for  customer  access  to  different  services 

provided  by  ISDNs  should  be  made  in  such  a  way  as  to  allow  various  network  architectures, 
taking  into  account  the  varying  conditions  in  different  countries,  for  example  the 
provision  of  some  services  through  ISDNs  by  means  of  interworking  with  specialized 
networks.  Such  dedicated  networks  may  co-exist  with  the  developing  ISDN  at  least 
during  a  transition  period. 
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ASPECTS  OF  INTERFACES  BETWEEN  THE  DIGITAL  LOCAL  EXCHANGE  AND  THE  LOCAL 
LINE  OR  REMOTE  UNITS  (D,  E,  F,  G  AND  H  IN  FIGURE  l) 

1  Study  Group  XI  is  specifying  the  parameters  and  characteristics  of  6k  kbit/s 
digital  switches  for  telephony  both  at  transit  and  local  levels.  In  the  first 
place  CCITT  Recommendations  for  digital  local  exchanges  should  cover  the 
connection  of  analogue  subscriber  lines  and  accept  already  established 
national  standards  for  analogue  subscriber  lines.  Interfaces  with  digital 
(telephone)  PABX  accepting  national  PABX  signalling  systems  snail  also  be 
covered. 

2  New  Recommendations  are  required  for  the  interfaces  concerning  digital 
subscriber  lines  to  include  data,  telephony,  telemetry,  etc.,  signalling  and 
alignment  functions. 

3  Moreover  it  shall  be  studied  what  additions  to  the  parameters  and 
characteristics  for  digital  6k  kbit/s  switches  specified  for  telephony,  if  any, 
are  required  for  the  use  of  these  for  data  switching. 

i*  New  Recommendations  are  also  required  for  exchange  interfaces  with  digital 

PABX,  remote  digital  PABX,  remote  MULDEX  and  other  multi-slot  services.  Note 
that  the  subscriber  line  and  multi-slot  transmission  systems  may  terminate  on 
a  MULDEX  or  a  concentrator  remote  from  the  serving  centre,  and  common 
interface  standards  should  apply  as  far  as  possible. 

5  At  the  present  time  remote  subscriber  connecting  units  are  considered  to  be 
functionally  part  of  the  local  exchange.  The  type  and  information  content  of 
the  signalling  and/or  control  channel  between  the  remote  subscriber  connections 
unit  and  the  exchange  terminal  is  at  present  considered  not  to  be  a  matter  for 
international  recommendation.  The  reasons  for  this  are  the  complexity  of  such 
a  recommendation  with  the  variety  of  realizations  presently  under  study. 

Most  of  the  implementations  considered  at  present  are  system-dependent,  but  a 
desire  has  been  expressed  (in  Study  Group  XI)  by  some  delegates  to  define  a 
system- independent  remotely  located  switching  unit  in  the  future.  In  this  case, 
CCITT  Signalling  System  No.  7  should  form  the  basis  for  the  signalling  and  control 
channels.  The  study  of  the  system- independent  remotely  located  switching  unit 
was  considered  to  be  additional  to  the  study  at  present  undertaken  in 
Study  Group  XI. 

6  The  digital  subscriber  line  interface  should  be  considered  from  the  functional 
point  of  view.  The  functional  description  can  apply  with  any  technical  solution 
for  the  transmission  format  or  structure  on  the  line. 

7  The  digital  subscriber  line  interface  might  provide  a  common  6k  kbit/s  interface 
for  the  users  information  path  for  all  services.  It  may,  however,  be  more 
economical  to  provide  separate  interfaces  for  some  services.  For  n  x  6k  kbit/s 
services,  n  x  6U  kbit/s  user  parts  might  be  applied. 


A  functional  interface  for  signalling,  control  and  alignment  purposes  should  be 
defined. 
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E9  The  interfaces  for  digital  FABXs  are  of  great  importance.  It  was  considered 
likely  that  two  different  interfaces  could  he  provided,  one  identical  or 
similar  to  the  digital  subscriber  line  interface  for  smaller  PABXs  and  another 
more  complex  one  for  the  larger  PABXs.  The  signalling  systems  used  in  the  two 
cases  may  differ. 

E10  Problems  arising  from  the  BORSHT 

Functions  (B  =  battery;  0  =  over-voltage  protection;  R  =  ringing; 

S  *  supervisory;  H  *  hybrid;  T  =  test  function)  are  to  be  studied. 


SIGNALLING  ASPECTS 


Note  :  Where  possible  these  points  have  been  extracted  from  available  text,  with 
modifications  to  take  account  of  subsequent  discussions.  Some  new  text  has  been 
derived  from  the  Questionnaire  associated  with  COM  XVIII-No.  131  and  from  subsequent 
replies  with  the  issue  of  this  Annex.  The  Questionnaire  is  considered  to  be  out  of 
date  and  will  not  be  studied  further  in  its  present  form.  Some  of  the  points  below 
may  be  more  appropriate  under  the  heading  of  Network  Aspects  in  later  issues. 

Customer/ network  s  i  totalling 

51  Classification  of  access  protocols 

Access  protocols  are  proposed  to  be  classified  in  two  types,  namely  : 

-  an  Out-slot  Protocol  (OP)  for  out-slot  signalling,  and 

-  In-slot  Protocols  (IP)  for  in-slot  signalling 

In  addition  to  these  access  protocols,  user-to-user  protocols  and  user-to-network 
resources  protocols  need  to  be  considered.  Some  of  the  user-user  protocols  may 
standardized  consistent  with  other  access  protocols. 

52  Out-slot  Protocol  (OP) 

An  out-slot  signalling  protocol  for  access  to  network  elements  controlling 
set-up  and  release  of  all  digital  64  kbit/s  circuit  switched  connections. 

OP  would  cover  signalling  for  simple  calls  and  further  signrlling  necessary 
for  control  of  such  supplementary  services/user  facilities,  depending  upon 
the  degree  of  integration.  See  N20.  The  OP  access  link  (i.e.  the  out-slot 
channel  with  its  level  2  technique)  would  typically  terminate  at  the  first 
subscriber  line  concentration  stage  and  the  OP  signalling  would,  as  applicable, 
be  further  conveyed  in  the  network  over,  for  example,  common  channel  signalling 
links. 

53  In-slot  Protocols  (IP) 

A  number  of  service  dependent  in-slot  signalling  protocols  for  access  to 
additional  network  functions.  In  some  cases  IP  would  correspond  no  a  second 
call  set-up  phase  (e.g.  in  some  interworking  situations). 
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IP  would  aiao  cover  oases  of  communication  between  the  user  and  a  central 
network  function,  e.g.  for  facility  registration  and  cancellation  at  a 
special  service  centre.  A  simple  case  of  an  I?  would  be  transmission  of  digital 
tones  over  the  64  kbit/s  channel  to  a  calling  telephone  subscriber.  Another 
case  of  an  IP  would  be  the  application  of  levels  2  and  3  of  Recommendation  X.25 
to  access  packet-switching  facilities. 


Sh  Where  digital  and  possibly  service-integrated  PABX  are  connected  to  an 

integrated  services  digital  network  the  signal ling  for  individual  customers 
access  could  oe  used  for  smaller  PABX  whilst  common  channel  signalling  seems 
appropriate  for  larger  PABXs.  This  means  that  any  study  of  new  signalling 
arrangements  for  digital  PABX  snould  be  performed  in  conjunction  with  the  studies 
of  signalling  on  digital  subscriber  lines  and  the  further  studies  of  common 
channel  signalling. 

35  Studies  of  a  signalling  system  for  customer  access  to  the  ISDN  should  be  based 
on  the  assumption  that  digital  transmission  techniques  will  be  extended  into  the 
local  network  down  to  the  customers  terminal,  and,  where  appropriate,  the 
characteristics  of  the  access  will  be  the  subject  of  CCITT  recommendations. 

36  Studies  of  the  customer /network  signalling  system  protocols  should  anticipate 
the  requirements  of  all  services  likely  to  he  carried  by  the  ISDN.  Due 
attention  should  be  paid  to  signalling  lor  a  basic  digital  telephone  service 
while  preserving  maximum  potential  for  more  complex  signalling  for  multi-service 
and  multi-channel  terminals.  If  and  where  appropriate  some  allowance  should  be 
made  for  the  possibility  that  the  new  digital-access  signalling  system  might  be 
adapted  to  be  used  also  to  enhance  the  services  provided  by  conventional  analogue 
access . 

57  The  new  eustomer/network  signalling  system  should  include  the  capability  of 
carrying  signals,  in  either  direction,  between  the  customer  and  the  local 
exchange  without  interruption  of  the  channel  to  which  the  signals  refer.  This 
capability  will  permit  ’silent'  signalling  for  telephony  customers  (e.g.  private 
meters ) . 

58  When  considering  customers  connected  to  the  ISDN  it  must  be  recognized  that 
some  will  require  only  dedicated  access  to  a  particular  service,  some  will 
require  alternative  access  -  possibly  on  a  cal]  by  call  basis  -  to  two  or  more 
services,  while  others  may  require  access  to  several  independent  services  at 
the  same  time.  These  options  should  be  taken  into  account  when  defining  the 
new  customer/network  signalling  system  and  it  has  been  suggested  that  an 
out-slot  signalling  link  should  be  provided  for  each  of  the  channels  used  for 
services.  However  it  is  accepted  that  such  signalling  links  may  not  exist 

in  'real'  channel  terms  because  they  are  provided  as  'virtual'  channels  using 
interleaved  messages  on  a  common  out-slot  transmission  channel  between  the 
customer  and  the  local  exchange.  Where  the  'virtual'  channel  method  is  used, 
the  signalling  system  must  contrain  suffient  addressing  etc.  to  identify  the 
different  channels  used  for  services.  In  addition,  where  channels  are  used 
alternatively  for  different  services,  the  signalling  system  must  incorporate 
a  means  of  identifying  the  service  required. 
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S9  The  digital  access  to  ISDN  is  expected  to  include  provision  for  very  low-rate 
data  and  telemetry  services,  some  of  which  may  be  switched  through  the  network. 
The  customer /network  signalling  system  could  permit  such  services  to  be  carried 
over  the  out-slot  transmission  path  using  either  a  cyclic  multiplex  or 
interleaved  messages. 

S10  The  signalling  system  should  be  suitable  for  use  in  local  networks  in  which 
customer  accesses  are  connected  to  an  interne '.date  digital  multiplex  to 
provide  transmission  to  the  exchange  over  standard  primary  local  digital  line 
systems.  In  these  circumstances  it  has  been  suggested  that  the  customer /network 
signalling  links,  in  'real'  or  'virtual'  channels  will  be  interleaved  onto  a 
common  bearer  such  as  T/Sl£  of  the  20h8  kbit/s  line  systems. 


511  The  signalling  system  should  be  suitable  for  use  with  simple  terminals  involving 
human  operators  such  as  for  the  telephone  service,  as  well  as  complex  terminals 
having  machine  generation  and  detection  of  in-slot  and  out-slot  signals. 

512  Consideration  should  be  given  to  the  possibility  that  the  ISDN  may  be  used  for 
services  which  require  unidirectional  transmission,  such  as  broadcast,  and  the 
effect  such  services  might  have  on  the  signalling  system  and  protocols 
operational  checks. 

S13-  Since  it  is  envisaged  that  ISDN  might  carry  wider-hand  services  using  the 
multi-slot  connection  techniques,  consideration  should  be  given  to  the 
signalling  protocols  appropriate  to  such  connections. 

Sib  During  the  definition  of  a  signalling  system  to  satisfy  the  requirements  for 
ISDN  access,  some  consideration  should  be  given  to  the  line-feed  and  other 
BORSHT  functions  to  establish  the  extent  to  which  the  signalling  system  may  he 
affected  by  different  implementations  of  these  functions. 
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iaelines  on  transmission  requirements  for  customer  access 
a  ran ze  of  customer  access  types 


Three  different  possibilities  could  be  identified  : 

a.  A  "single  subscriber,  single  timeslot"  requirement  of  (6k  +  A)  kbit/s 

in  each  transmission  direction.  (Examples  can  be  found  in  Documents  Nos. 
COM  XVIII-No.  310,  Section  1.3.1;  COM  XVIII-Nc.  265); 

b.  A  "single  subscriber,  multi-timeslot"  requirement  of  n  x  6k  kbit/s  +  A~ 
kbit/s  in  each  transmission  direction.  (An  example  can  be  found  in 
Document  No.  COM  XVIII-No.  266. ) 

c.  A  PABX  connection,  requiring  m  x  6k  kbit/s  +  A"  kbit/s  in  each  transmission 
direction  (COM  XVIII-No.  21*3). 

Study  of  bit  stream  structures  to  allocate  transmission  capacity  and 


-  Different  structures  will  be  required  for  the  classes  under  Sections  3. a  and 
3*c,  while  the  class  mentioned  under  Section  3.b  can  use  either  a  parallel 
combination  of  "3»a-systems"  or  a  "3. c-system". 

-  Delayed  Contribution  BT  indicates  some  general  outlines  for  possible  structures 
for  class  3. a. 

-  The  subscribers  loop  transmission  system  has  to  provide  for  the  transmission 
of  sufficient  information  between  the  exchange  and  the  subscribers  terminal 

in  order  to  make  demultiplexing  of  the  various  channels  possible.  (An  example 
has  been  indicated  in  Section  13  of  COM  XVIII-No.  310. ) 


Transmission  systems  for  access  types  identified  for  initial  study 

-  Delayed  Contribution  BT  (Section  2)  indicates  that  the  required  functions 
can  be  provided  with  either  2-wire  or  l*-vire  transmission  systems. 

-  The  Report  of  Working  Party  XVII I /i  (Contribution  COM  XVIII-No.  312)  indicates 
the  power  feeding  of  the  subscribers  terminal  as  an  important  study  point. 

Transmission  system  for  connecting  PABXs 

-  The  required  transmission  systems  probably  are  almost  identical  to  the 
already  specified  151*1*  kbit/s  /20k8  kbit/s  systems  or  small  capacity  digital 
transmission  systems,  e.g.  11  x  6k  kbit/s  (70k  kbit/s). 

No  information,  however,  on  this  subject  could  be  identified  in  the  available 
documents.  The  need  for  further  study  has  teen  indicated  in  the  report  of 
Working  Party  mil  Ik  (Contribution  COM  XVIII-No.  312). 

Transmission  standards  applicable  to  remote  access  to  the  IS 
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T6  During  discussions  in  Working  Party  XVIII/1  it  became  clear  that  no 

Administration  yet  wished  to  specify  the  subscriber  line  transmission 
system  itself. 


CUSTOMER  INTERFACE  ASPECTS 


Cl  Working  Party  XVIII/1  has  so  far  identified  interface  types  as  shown  in 

Figure  1.  Not  all  of  these  interfaces  will  necessarily  be  the  subject  of 
CCITT  Recommendations.  Some  are  already  specified  in  CCITT  Recommendations 
and  these  should  be  taken  into  account.  The  aim  should  be  to  define  a  very 
gm«Tl  number  of  these  interface  types,  which  may  not  necessarily  appear  as 
physical  interfaces. 

C2  It  is  desirable  to  define  as  small  a  number  of  interfaces  of  types  A,  E  and 
C  as  possible,  while  allowing  for  all  types  of  STE  provided  to  meet  customer 
requirements. 

03  The  digital  local  network  may,  seen  from  the  customer  as  part  of  his  information 
system,  carry'  the  following  information  transactions  and  provide  the  following 
services  : 

-  tpMCh  connections 

*  supplementary  telephone  services 

'  *ete  connections  to  subscribers  in  separate  date  networks  or  data 
equip  went  in  the  digital  netvArk;  for  connections  to  separate  data 
networks  the  connection  eiit  be  compatible  with  existing  standards 
for  circuit  -  or  pecked-swi tched  services  and  existing  user  classes 

•  a  taxt  and  control  connection  to  local  or  rawte  Information,  data¬ 
bases.  telefax,  videotext  system  etc  {possibly  in  parallel  to  the 
speech  connection) 


-  end-to-end  signalling  and  control  connection  with  the  remote  subscriber  for 
sess'  control  (terminal  configuration  control,  protocol  selection, 
input/out  selection) 

-  receiving/sending  of  text  and  other  non-voice  messages  to  subscriber  terminals 
including  the  case  of  calls  arriving  at  a  terminal  which  is  unattended  or 
engaged  on  another  call 

-  alarm  service  capable  cf  carrying  alarms  from  sensors  etc.  independent  of 
communication  on  the  subscriber  line 


-  advanced  charging  information  capability. during  call. 


Cl* 


It  is  expected  that  the  data  requirements  will  greatly  influence  the 
interface  and  work  cn  the  standards  should  take  account  of  those  app' 
for  circuit  and  packet  switched  data  transmission  (Recommendations  X 
The  interface  specification  should  be  structured,  and  based  upon  the 
identified  for  data.  For  example,  the  interfaces  of  the  digital  sub: 
could  be  organised  wish  the  following  functional  levels  : 


istcmer 


Laval  t  -  Physical  link  provision  defining  the  functions  relating  to 
the  physical,  electrical,  logical  and  line  transmission 
technique  related  parameters  or  the  interface  (as  applicable). 
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Level  2  -  Link  access  protocols  defining  the  functions  relating  to, 

‘for  each  communication  channel  provided  by  level  1,  the 
technique  by  which  higher  level  information  is  transferred 
Over  the  channel. 

Level  3  -  Call  control  procedure  defining  the  functions  relating 
to  control  of  call  set-up  and  release  for  switched 
services. 

Level  k  *  End-to-end  protocol  defining  the  functions  relating  to 
end-to-end  eo— uni  cat  ion  between  subscriber  terminals 
or  between  subscriber  terminals  and  network  resources. 

Depending  on  the  type  of  service  and  how  it  Is  accessed  the  level 
2,  3  and  k  elements  may  have  to  be  defined  separately  for  different 
phases  of  a  call. 

SERVICE  ASPECTS 

In  considering  interface  A  at  the  subscribers  premises  to  be  the  user's  access 
point  to  the  ISDN,  it  is  recognized  that  the  link  to  the  exchange  may  be  shared 
for  several  services.  There  are  many  network  structures  possible  to  proyide 
HUltiservice  computability.  Figures  k  and  5  show  various  examples, 

a)  The  telephone  network  and  the  dedicated  networks  are  separated  at  the 
distributing  frame. 

Each  service  having  its  own  signalling  system. 

b)  The  telephony  network  and  the  dedicated  networks  are  separated  at  the  local 
switching  exchange.  The  amltiservice  signalling  system  is  used. 

-  For  the  telephone  signals 

~  For  the  seizing  signal,  the  clearing  signal  and  some  test  signals  for 
the  other  services. 


c)  The  multiservice  Network  is  completely  integrated  but  this  does  not  exclude 
sane  dedicated  service  Nodes  (processing  of  Data  Transmission) -  A  single 
multiservice  signalling  system  is  used  for  all  services. 

The  configuration  described  above  may  follow  each  other  in  a  transition 
period. 

RE  While  the  interworking  of  the  ISDN  evolving  from  the  telephone  network  with 
co-existing  dedicated  networks  will  lead  to  the  offering  of  the  wide  range  of 
existing  services  (e.g.  telephony,  X.l  and  X.2  data  services,  packet  switching) 
on  the  new  link  from  the  subscriber  to  the  exchange,  also  new  services  cay 
emerge  as  new  features  of  the  homogenous  digital  network. 
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rigure  2  -  Example  of  a  basic  ISDN  access  type 


CUSTOMER  ACCESS  FUNCTIONS 


Figure  3  -  An  example  of  ISDN  access  with  an  additional  data  service  channel 


(Contribution  from  American  Telephone  and  Telegraph  Company} 


1.  Scope  of  the  Contribution 

An  overview  of  possible  information  and  signalling  structures  for  a  Digital 
Subscriber  Line  is  presented  leading  to  a  channel-level  characterization  of 
a  generalized  Digital  Subscriber  Line.  This  specific  Digital  Subscriber 
Line  structure  is  not  proposed,  but  should  be  an  element  of  the  set 
described  by  the  characterization.  The  requirements  upon  a  signalling  means 
to  support  the  generalized  Digital  Subscriber  Line  are  summarized  and 
several  specific  proposals  for  Digital  Subscriber  Line  signalling  are 
presented.  These  Include  the  signalling  channel  bit  rats,  the  use  of  a  bit 
oriented  protocol  at  the  link  level,  and  the  use  of  message  oriented 
signalling.  A  framework  for  a  layered  protocol  for  Digital  Subscriber  Line 
signalling  is  proposed,  with  recommendations  for  further  study  and 
contribution. 


2,  Introduction 

An  evolutionary  process  is  underway  toward  an  all-digital  telephone  network. 
Including  digital  connectivity  into  the  subscriber's  premises.  This  process 
began  with  the  introduction  of  digital  inter-exchange  transmission  and  is 
now  being  extended  into  both  the  transit  end  local  exchanges,  with  the 
addition  of  digital  subscriber  lines  this  ell  digital  network  can  become  the 
vehicle  for  many  new  customer  services  based  upon  e  direct  digital  access 
capability.  This  ultimate  ell  digital  environment  will  become  the 
Integrated  Services  Digital  network  (ISDN) . 


The  general  attributes  of  the  network  will  be 

1.  A  functional  channel  structure  whereby  identifiable  channels  can  be 
realized  within  a  uni  form  digital  format. 

2.  The  ava: lability  of  64  kbit/s  channels  between  the  subscriber  and  the 
network  which  may  carry  both  digitized  voice  and  nonvoice 
communication. 

3.  Common  channel  signalling  to  Implement  ell  inter- exchange  signalling, 
separate  from  the  channels  available  for  Intersubscriber 
tsHioicttion. 

4.  The  integration  of  non-voice  transmission  capabilities  and  services 
derived  therein  with  facilities  used  for  voice  communication. 

A  Digital  Subscriber  Line  connecting  the  subscriber  digital  station 
equipment  with  the  network  must  provide  a  flexible  and  robust  access  to  the 
network.  This  will  be  realized  through  the  extension  of  the  64  kblt/s 
channel  connectivity  to  the  subscriber,  as  well  as  the  definition  of  a  new 
signalling  Interface.  This  contribution  will  describe  In  general  terms  a 
Digital  Subscriber  Line  under  study  by  ATS?  and  will  focus  specifically  on 
the  signalling  portion  of  the  Digital  Subscriber  Line. 


because  the  opportunities  afforded  by.  the  digital  connectivity  Include  many 
features  that  ere  new  to  telephony  it  is  best  to  state  the  overall 
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functional  needs  to  be  met  by  the  Digital  Subscriber  Line  before  proceeding 
to  details  of  an  Implementation.  Therefore,  the  Digital  Subscriber  Line 
must  provide: 

1.  Basic  voice-band  telephone  capabilities.  The  familiar  call  set¬ 
up/disconnect  signalling  functions  must  be  provided  with  a 
subscriber-to-subscriber  voice  path  being  established.  The  voice 
path  shall  be  64  kbit/s  compatible  with  Recommendation  G.711.  The 
Digital  Subscriber  Line  itself  shall  provide  a  64  kbit/s  voice 
channel  between  the  subscriber  station  equipments  and  the  digital 
local  exchange  for  this  purpose. 

2.  Circuit-switched  64  kbit/s  digital  connectivity  for  non-voice 
communication.  This  can  be  provided  vi4  the  same  Digital  Subscriber 
Line  channel  used  for  voice  communication  on  an  alternate  use  basis 
or  through  additional  64  kbit/s  channel(s). 


3.  Signalling  means  to  establish  either  voice  or  non-voice  calls  on  the 
64  kbit/s  channel (s).  The  signalling  function  proposed  herein  is 
implemented  via  a  channel  separate  from  those  previously  defined. 
The  use  of  a  separate  channel  enables  the  definition  of  new  services 
to  the  subscriber  which  require  signalling  simultaneously  with  voice 
or  non-voice  communication  as  required  to  implement  multiple  channel 
call  set-up,  or  polling  based  features  such  as  security  services, 
etc.  Only  one  signalling  channel  will  be  specified  per  Digital 
Subscriber  Line  regardless  of  the  number  of  additional  voice  or  non¬ 
voice  channels. 


4.  Provision  for  low  traffic  density  ,  long  holding  time,  communication 
associated  with  new  non-voice  services.  Many  new  service 
capabilities,  such  as  electronic  security,  electronic  funds 
transactions,  enhanced  directory  services,  and  limited  data  base 
access  have  the  characteristic  of  interaction  between  the  subscriber 
at  his  terminal  equipment  and  a  network  (or  non-network)  resource. 
These  interactions  may  be  most  efficiently  provided  by  che  network 
through  a  message  switching  capability  rather  then  through  a  circuit 
switched  path. 

5.  for  a  Digital  Subscriber  Line  implemented  using  very  wide  bandwidth 
transmission  media  (such  as  fiber  optic  links)  the  possibility  of  the 
inclusion  of  video  bandwidth  channel (s)  should  be  accommodated.  In 
particular,  the  signalling  plan  should  be  extensible  to  control  such 
channels. 

A  general  definition  which  might  cover  the  specific  realization  of  a  Digital 
Subscriber  Line  which  meets  these  requirements  is  characterized  by 

Digital  Subscriber  Line  ■  nV  +  mD  +  pW  +  S  +  P, 

where  V  represents  64  kbit/s  voice  or  non-voice  channels.  The 
specific  Digital  Subscriber  Line  will  include  n  such 
channels  where  n  >  1. 

D  represents  <  64  kbit/s  channels  to  be  used  exclusively  for 
non-voice  communication.  The  Digital  Subscriber  Line  may 
contain  m  such  channels  where  m  >  0. 

W  represents  high-rate  channels.  A  fiber  optic  Digital 
Subscriber  Line  might  contain  p  such  channels  where  p  >  0. 
The  specific  transmission  mechanism  associated  with  hTgh- 
rate  or  video  channels,  whether  analogue  or  digital,  cannot 
be  established  at  this  time. 
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represents  a  message  oriented  (as  distinguished  from 
circuit  switched)  channel  upon  which  all  signalling  to  and 
from  the  subscriber's  premises  takes  place. 


F  represents  framing,  synchronization  and  other  line  control 
bits.  These  signals  are  not  available  to  either  the 
subscrioer  or  exchange  for  information  transfer. 

A  functional  diagram  of  the  Digital  Subscriber  Line,  the  Digital  Local 
Exchange  and  the  subscriber  premise  equipment  is  as  depicted  in  Figure  1. 

The  Signalling  Channel  provides  for  the  coordination  and  control  between  the 
exchange  and  the  subscriber.  In  general,  the  subscriber  equipment  might 
consist  of  a  centralized  subscriber  control  equipment  and  a  multiplicity  of 
connecting  subscriber  terminal  equipments.  tn  order  to  facilitate  this 
control  function,  the  signalling  channel  must  have  the  capability  to 
identify  call  activity  on  the  remaining  Digital  Subscriber  Line  channels, 
and  to  identify  the  specific  subscriber  terminal  equipments  Involved  in  such 
activity.  As  such,  the  functional  needs  for  signalling  are  very  similar  to 
those  well  known  for  communication  between  a  pair  of  local  exchanges.  A 
channel  numbering  plan  and  a  terminal  numbering  plan  must  be  included. 

4.  Aspects  of  a  digital  subscriber  line  subject  to  Recommendation 

It  should  be  the  objective  of  ReCbmmendation  to  encourage  flexibility  where 
growtn  and  change  is  desirable,  and  to  fix  certain  parameters  where  growth 
or  < tange  would  render  major  portions  of  a  digital  network  obsolete.  The 
possibility  of  a  family  of  specific  Digital  Subscriber  Lines  with  various 
number  of  V,  D,  and  W  channels  should  be  kept  open  because  future  service 
opportunities  may  require  additional  bandwidth.  Future  technology, 
especially  fiber  optics,  may  provide  the  high  bandwidth  Digital  Subscriber 
Line  connectivity  in  a  cost  effective  manner.  However,  the  specific 
communication  protocols  associated  jlth  Digital  Subscriber  Line  signalling 
should  be  established  and  held  reasonably  constant  in’order  to  minimize  the 
impact  of  evolutionary  change  upon  the  network  signalling  facility.  It  is 
therefore  desirable  to  establish  a  highly  flexible  Digital  Subscriber  Line 
signalling  plan  which  is  both  general  and  extensible  and  independent  cf  the 
transmission  method  and  medium  to  provide  a  built-in  mechanism  for  growth 
and  change.  Such  a  goal  may  be  realized  through  the  use  of  a  message 
oriented  signalling  protocol  following  generally  in  method  and  philosophy 
from  that  established  for  inter-exchange  common  channel  signaling. 

The  Digital  Subscriber  Line,  therefore,  should  be  defined  given  a  minimum 
configuration  with  opportunities  for  further  extension  In  the  areas  r  f  voice 
and/or  non-voice  channels.  The  minimum  Digital  Subscriber  Line  c».  .ists, 
therefore,  of  a  signalling  channel  and  a  single  voice  channel.  Obvious 
extensions  include  additional  64  kbit/s  voice/non-voice  channels,  additional 
non-voice  channels  of  (for  the  present)  unspecified  bit  rates,  or  video  rate 
channels. 

With  reference  to  Figure  1,  the  channels  previously  described  should  be 
defined  specifically  at  Interfaces  B  and  E  only.  This  will  allow  for 
evolutionary  improvements  of  the  transmission  and  system  technologies 
related  to  Interfaces  C  and  D.  Interface  A  should  also  become  subject  to 
standardization  but  refers  to  the  i ntraprem ises  link  between  a  subscriber 
terminal  and  the  centralized  communications  equipment.  As  such,  it  is  not  a 
component  of  the  Digital  Subscriber  Line;  l.e.,  it  does  not  interface 
directly  to  the  network  and  should  be  considered  separately. 

With  these  considerations  in  mind,  the  remainder  of  this  contribution  will 
be  addressed  to  the  information  structure  of  the  Digital  Subscriber  Line  as 
specified  at  Interface  E.  Specific  bit  rates  will  refer  to  the  information 
bit  rate  of  that  interface  and  not  to  the  transmission  rate  as  specified  at 
interfaces  c  or  D. 
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5.  Bit  rates  associated  with  the  digital  subscriber  line 

The  Digital  Subscriber  Lina  shall  carry  signalling,  voice,  and  non-voice 
lnfomation  organized  into  channels  and  conforming  to  the  expression 

Digital  Subscriber  Line  -  nV  +  mD  +  S. 

A  bit  rate  associated  with  video  transmission  (W)  cannot  be  established  at 
this  time,  and  will  be  omitt-d  from  further  discussion.  Also,  the  specific 
bit  rate  associated  with  <  kbit/s  non-voice  channels  (D)  cannot  be 

identified  at  this  time.  at  interface  E  (Figure  1)  voice  or  non-voice 
channels  (V)  shall  be  realized  at  64  kbit/s.  The  signalling  channel  shall 
be  realized  at  >  8  kbit/s. 


The  particular  electrical  format  defined  at  Interface  E  is  not  proposed 
herein,  only  the  Information  to  be  provided  at  Interface  E  is  specified. 

In  addition  to  the  above  channels,  non-information  bits  will  be  provided  for 
synchronization  and  alignment.  All  such  bits  used  for  line  synchronization, 
framing  and  line  Integrity  appearing  at  Interfaces  C  and  D  shall  be  utilized 
by  the  Line  Terminating  Equipment  (LTE)  and  not  reported  to  Interface  B. 

The  selection  of  a  bit  rate  for  the  signalling  channel  must  take  into 
account  both  the  average  message  information  bit  rate  to  meet  the  needs  of 
telephony  and  new  services,  and  minimum  delay  requirements  with  respect  to 
system  responsiveness  to  subscriber  input  stimuli.  Studies  have  shown  that 
the  average  information  rate  (channel  occupancy)  on  the  signalling  channel 
will  be  very  low  .  However,  the  delays  associated  with  a  message  oriented 
signalling  protocol  would  be  excessive  at  low  signalling  channel  bit  rates. 
Therefore,  in  order  to  minimize  signalling  dalays  in  order  to  meet 
anticipated  STE/ET  delay  requirements  a  signalling  channel  bit  rate  of  at 
least  8  kbit/s  Is  proposed. 


6.  Communication  protocol  associated  with  digital  subscriber  line 
signalling 

In  order  to  maximize  the  flexibility  and  extensibility  of  Digital  Subscriber 
Line  signalling,  the  choice  of  a  hierarchical  (or  layered)  signalling 
protocol  is  recommended.  Schemes  similar  to  Signalling  System  No.  7  have 
been  considered  as  models  for  such  a  protocol.  Because  the  Digital 
Subscriber  Line  Interfaces  with  the  customer's  premises,  the  cost  of 
signalling  implementation  must  be  kept  as  low  as  possible.  For  this  reason, 
the  direct  utilization  of  Signalling  System  No.  7  for  Digital  Subscriber 
Lines  does  not  seem  reasonable.  However,  a  new  hierarchical  protocol  tuned 
to  the  needs  of  Digital  Subscriber  Line  signalling  is  generally  described  as 
follows : 

Level  1  -  Physical  LI  » A  full  duplex  link  of  at  least  B  kbit/s  is 
specifically  sroposed. 

Level  2  -  Link  Level  Control:  Link  control  procedures  using  a  bit  oriented 
protocol  with  a  frame  level  structure  comprising  frame  delimiters 
(flagt'i  ,  zero  insertion/deletion,  and  cyclic  redundancy  check. 
This  will  provide  secure  message  alignment  protected  from 
information  pattern  simulation,  complete  transparency,  and 
effective  detection  of  transmission  errors.  Specific  error 
recovery  procedures  should  be  tailored  to  Digital  Subscriber  Line 
signalling  characteristics. 

Level  3  -  Routing:  Message  level  control  will  be  required  to  manage  end- 
to-end  message  communication. 
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Level  4  -  End-to-End -Message  Transfers  Messages  will  be  passed  from  the 
subscriber  control  equipment  to  the  digital  local  exchange 
requiring  little  message-transfer  control.  However,  those 
messages  destined  for  o.ther  entities  in  (or  external  to)  the 
telephone  network  will  require  message  transfer  control.  Further 
contributions  are  required  in  this  area. 

Level  5  -  Application:  The  end  applications  consist  of  the  software 
processes  located  in  the  subscriber  control  equipaient  and 
signalling  destination  which  actively  initiate  and/or  receive 
signalling  messages. 

Formal  specification  of  layering  beyond  level  5  is  not  proposed  in  this 
contribution  and  may  not  be  necessary  because  the  software  in  the  Subscriber 
Control  Equipment  will  not  be  excessively  complex.  This  does  not  preclude 
further  layering  of  the  application  layer  at  the  discretion  of  the  user. 

Specific  definition  of  Levels  1,  2,  and  3  should  be  the  subject  for 
Recommendations,  while  the  full  definition  of  Levels  4  and  5  should  be  left 
to  the  particular  Administration.  A  basic  message  set  should  be  defined  at 
levels  4  and  5  to  accommodate  basic  telephony  services.  However,  the  full 
message  set  will  reflect  the  particular  set  of  services  and  features  to  be 
offered  by  the  individual  Administrations  and  may  vary  from  Administration 
to  Administration. 

Message  types  to  be  included  in  Level  5  include  signal  and  maintenance 
information.  Messages  should  be  addressable  from  the  subscriber  control 
equipment  to  the  Local  Exchange  for  normal  signalling,  for  end-to-end 
terminal  control  and  for  special  call  features. 


7,  Conclusion 

A  signalling  plan  for  Digital  Subscriber  Lines  must  not  be  limited  by 
present  technological  realizations.  Future  capabilities  will  surely  add 
continual  growth  to  the  requirements  of  Digital  Subscriber  Line  signalling. 
An  overview  of  a  flexible  and  extensibls  signalling  protocol  under  study  by 
ATfcT  has  been  described  herein  for  consideration  in  this  area.  A  major 
problem  area  still  to  be  addressed  is  the  interworking  of  Digital  Subscriber 
Lines  with  analogue  subscriber  lines  via  either  digital  or  analogue 
Interexchange  circuits  for  the  end-to-end  transmission  of  push-button 
telephone  generated  information. 
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STE*  SU8SCRBER  TERMMAL  EOUPMENT 
SCE-  SUBSCRIBER  CONTROL  EQUIPMENT 
LTE*  UNE  TERMMATING  EQUIPMENT 
ET-  EXCHANGE  TERMMAL 

Figure  1  Functional  Interfaces  for  Digital  Subscriber  Une 

Annex  b 

(to  Question  i/XVIII) 


Studies  of  digital  local  networks 
(Contribution  from  Swedish  Administration) 


Introduction 

In  contribution  COM  XI  -  No. 277/COM  XVIII  -  No. 310  the  Swedish  Administration 
presented  the  results  of  discussions  among  some  European  countries  on  a 
possible  basis  for  International  studies  of  digital  local  networks.  The  same 
contribution  was  available  as  delayed  document  D.lb  at  the  April  1979  meeting 
of  Study  Group  VII.  Extracts  of  the  document  are  included  as  the  Annex  to 
draft  Question  IF/VI  I  (see  COM. VI I  -  No. 369.  p.240). 


These  discussions  have  continued  and  resulted  in  an  updated  version  of  the 
report  already  submitted.  Especially,  sections  1-3  and  i.b  of  the  first  report 
have  been  replaced  by  new  sections  1.3.  t.b  and  1-5.  For  updating  of  the  in¬ 
formation  submitted  in  the  first  report  these  new  sections  1.3,  l.b  and  1.5 
are  reproduced  in  this  contribution.  The  report  is  a  result  of  an  expert  group 
in  which  the  following  Administrations  participated: 

Belgium,  Denmark,  France,  Finland,  Germany  (Federal  Republic),  Italy, 
Netherlands,  Norway,  Spain,  Sweden,  Switzerland. 
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1 . 3  Functional  -network  architecture 

1.3.1  Concept  of  two  categories  or  network  functions 

A  first  approach  is  to  identify  two  categories  of  network  functions: 

-  a  category  of  basic  functions  relating  to  circuit  switched  64  kbit/s 
digital  connections  which  would  be  provided  by  all  local  exchanges; 
this  category  provides  telephony  and  possibly  circuit  switched  data 


-  a  category  of  additional  functions  relating  to  services  which  require 
additional  capabilities  which  need  only  be  provided  in  special  equip- 
ments  located  in  particular  network  nodes  or  provided  by  specialized 
sub-networks.  The  digital  local  network  would,  as  part  of  the  basic 
functions,  provide  access  to  these  special  equipment  or  sub-networks. 
Such  access  would  be  on  demand  and  on  a  call-by-vall  basis  following 
ctass  of  service  or  selection  information  or  on  a  hot-line  basis 
for  every  call  from  a  particular  customer.  Signalling  between  the  cus¬ 
tomer  terminal  and  the  special  equipments  would  be  inslot  and  in¬ 
dependent  of  the  basic  functions. 

Figure  2  illustrates  this  concept  of  two  categories  of  network  func¬ 
tions.  Further  activities  are  required  to  achieve  a  more  precise 
and  detailed  illustration  of  different  aspects  of  the  (functional) 
network  architecture.  Also,  a  suitable  terminology  for  describing 
different  phases  in  network  evolution  needs  to  be  established.  It 
is  for  example  desireabie  that  the  CCITT  definition  of  ISON  is  modi¬ 
fied  to  take  evolutionary  aspects  into  account. 

1.3.2  Interfaces,  levels 

With  regard  to  the  different  interfaces  of  the  digital  local  network 
(see  Figure  1)  it  will  be  required  to  define  for  each  interface  a 
number  of  Interface  elements  relating  to  the  technique  adopted  and 
the  customer  access  protocols  for  different  services.  These  interface 
elements  should  be  organised  In  functional  levels  corresponding  to 
for  example  the  open  systems  architecture  being  developed  by  CCITT 
and  ISO.  For  example,  the  interfaces  of  the  digital  subscriber  line 
could  be  organized  with  the  following  functional  levels: 

Level  1  -  Physical  link  provision  defining  the  functions  relating  to 
the  physical,  electrical,  logical  and  line  transmission 
technique  related  parameters  of  the  interface  (as  applicable) 

Level  2  -  Link  access  protocol  defining  the  functions  relating  to, 
for  each  cotmtunication  channel  provided  by  level  1,  the 
technique  by  which  higher  level  information  Is  transferred 
over  the  channel. 

Level  3  *  Call  control  procedure  defining  the  functions  relating 
to  control  of  coll  set-up  and  release  for  switched 
services. 

Level  4  -  End-to-end  protocol  defining  the  functions  relating  to 
end-to*end  communications  between  subscriber  terminals 
or  between  subscriber  terminals  and  network  resources. 


COM  XVIII-No.  1-E 


Depending  on  the  type  of  service  and  how  it  is  accessed  the  level 
2,  3  and  4  elements  may  have  to  be  defined  separately  for  different 
phases  of  a  call. 

1.4  Customer  access  types 

Customer  terminals  and  digital  PABX  will  evolve  rapidly  with  techno¬ 
logies  like  microprocessors,  automation  in  the  office  sector  and  the 
definition  of  new  services.  An  appropriate  definition  of  the  customer 
access  is  therefore  of  utmost  importance.  Whilst  aiming  at  a  flexible 
and  openended  approach  to  new  services  and  customer  terminals,  a  limi¬ 
ted  number  of  customer  access  types  should  be  standardised. 

1.4.1  Fundamental  assumptions 

The  customer  access  types  defined  in  this  and  subsequent  paragraphs 
relate  to  the  functional  elements  of  the  local  network  as  shown  in 
Figure- 1.  A  number  of  basic  information  types  generated  and  received 
by  ISOM  customers  have  been  identified.  These  types,  which  are  charac¬ 
terised  taking  type  of  service,  information  rate  and  handling  in  the 
network  into  account, comprise* 

Type  a  -  Signals  corresponding  to  a  conventional  (analogue)  telephone 
subscriber  station,  i.e.  including  decadic  pulsing  or  multi 
frequency  signalling  (MFPB) 

Mote  Ho  further  consideration  is  given  to  this  type  of 
information  in  the  context  of  access  definition. 

Type  b  -  Digital  information  at  64  kbit/s  representing,  for  example: 

(i)  digital  voice  at  64  kbit/s 

(|{)  digital  signals  at  64  kbit/s  (e.g.  Rec.  X.  1  data 
user  classes  with  rate  adaptation  at  the  Circuit 
Terminating  Equipemnt  (CTE)  up  to  64  kbit/s) 

(iii)  Combined  digital  signal  at  an  overall  bit  rate  of 
64  kbit/s  (e.g.  digital  voice  together  with  data). 

While  some  customers  will  require  dedicated  access  to  only 
one  of  these  service  options,  provision  should  be  made  fer 
alternative  operation  on  a  call  by  call  basis,  and  for  changing 
during  an  established  call.  Limitations  to  this  latter  fea¬ 
ture  will  be  encountered  in  mixed  analogue/digital  networks 
(see  para  2. 1 .c) . 

Type  bb  -  Digital  information  at  n  x  64  kbit/s  representing,  for  example, 

(i)  digitally  encoded  broad-band  audio  signals 

(ii)  high  speed  non-voice  services  (e.g.  fast  facsimile 
or  still  picture  transmission). 


(iii)  combinations  of  (i)  and  (ii). 


Type  t  -  Telemetry  informations  at  very  low  rate  conveying  for  example: 
'(i)  customer  alarms 

(ii)  signals  for  remote  control  of  equipment  on  custo¬ 
mer's  premises 

(iti)  remote  meter  reading. 

Type  d  -  Digital  information  representing  low  speed  services  (e.q.  accor 
ding  to  Rec .  X.  I  at  a  maxi  nun  user  rate  of  either  4.8  or 
S.6  kbit/s;  see  also  1.4.2).  This  information  may  be  trans¬ 
ferred  simul taneosly  with  the  information  of  type  b,  e.g. 

-  for  access  to  a  data  base 

-  fer  transmission  of  a  facsimile  picture. 

Furthermore,  d  might  represent  a  Spare  capacity  for  uses 
yet  to  be  defined. 

Type  »  -  Basic  subscriber-network  signalling  information  channel 

allowing  for  the  control  and  monitoring  of  network  resources 
by  the  customer  (in  a  broad  sense,  e.g.  including  call  pro¬ 
gress  Signals,  charging  indication,  caintenance  information, 
etc.). 

It  is  understood  that  a  single,  unified  signalling  system  should 
be  defined  having  the  capability  to  control  the  access  of  one 
b-type  Informal  ion  and  also  of  one  ensemble  like  b  ♦  d  and  also 
of  multiple  b-type  information  accesses. 


1.4.2  Basic  access 

The  basic  digital  customer  access  to  the  ISOM  is  defined  in  relation 
to  Interface  B  of  Fig.  I.  It  provides  for  the  transfer  of  information 
on  a  channel  with  the  following  composite  structure. 


The  following  aggregate  bit  rates  arc  foreseen: 

■  channel  b;  64  kbit/s 
-  channel  16  kbit/s  and  8  kbit/s. 

Note  -  The  choice  between  16  kbit/s  and  S  kbit/s  should  be  further 

assesed  taking  into  account  further  considerations  on  the  in¬ 
formation  type;  namely  the  desirability  of  providing  for  such 
information  and  the  limitation  of  the  rate  for  such  information 
to  4.8  or  9.6  kbit/s. 

Cnar.nci  b  refer*  to  a  Chw  -.r.cl  with  c^irncterisrics  defined  in  1.4.1 
while  for  channel  A  ,  two  alternatives  are  set  for  further  study; 

(A)  represents  a  comaon  poo!  dynamically  shared,  as  applicable, 
by  different  information  types  s,  t  and  d. 


(g)  is  divided  In  a  fixed  way,  by  appropriate  tie*  division  oulti- 
plexing  techniques,  into  two  subchannels  A,  and 

A  ,  is  dynamically  shared  by  information  types  s  and  t 

/\  ^  is  allocated  to  information  tvpe  d. 

It  is  understood  that  the  two  alternatives  (A)  and  {8}  represent 
in  fact  two  classes  of  possible  solutions.  It  is  urgently  re¬ 
quired  to  evaluate  the  elements  of  both  classes  in  order  to  be  able 
to  quickly  decide  on  only  one  (class  of)  solution(s). 

Kate  1  ~  The  requirements  for  an  additional  coo-tun  i cat  ion  channel  such 
as  for  the  d  type  of  informac ion,  (A)  and  (S)  alternatives,  eay  also 
be  covered  by  a  second  b  channel. 

Kate  2  -  With  the  exception  of  one  administration,  the  view  was  gene¬ 
rally  expressed  that  information  on  theA^  channel  will  be  padded  to 
64  kbit/s  prior  to  switching  in  the  exchange. 

The  agreed  cacaa  features  of  the  channel  in  version  (A)  and  the 
A  channel  in  version  (6)  are: 

-  Signalling  in  the  form  of  messages  of  variable  length 

-  Each  message  will  be  framed 

-  Frames  will  be  delimited  by  appropriate  flags 

-  Signalling  protocols  should  be  bit  rate  Independent 

-  Signalling  protocols  should  be  structured  into  a  number  of  functional 
levels  or  layers  (see  1.3.2}. 

In  alternative  (A)  where  d  type  of  information  when  used  for  some  packet 
switched  data  service,  will  be  message  interleaved  with  signalling  in¬ 
formation,  the  intention  is  to  specify  a  comparatively  simple  link 
access  protocol  (level  2)  primarily  designed  for  signalling  requirements; 
thus  the  full  capabilities  (and  complexiticsjof forexefep’e,  the  X.25  inter¬ 
face,  level  2,  will  not  be  provided  in  the  signalling  access  protocol. 

In  the  following  the  tens  "ogt-slot  channel"  will  be  used  to  denote  the  ^ 
or  (  2^,  ♦  A2>  channel. 

1-4-3  Broadband  access 

Three  cases  of  access  for  bb-type  information  have  been  identified: 

(i)  In  case  the  I50K  allows  for  suitislot  switching  of  n  x  64 
kbit/s  (n  being  a  small  integer},  appropriate  C  and  D  type 
Interfaces  must  be  defined,  preferably  in  line  with  other 
standard  multiplex  interfaces- 

Mote:  The  multislot  switching  capability  is  for  further  study. 
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{ii}  If  (i)  does  not  apply,  a  few  parallel  basic  accesses  according 
to  1.4.2  may  be  provided.  Fu-ther  study  is  needed  to  incor¬ 
porate  mechanisms  within  the  CTl  which  ensure  line  slot  se¬ 
quence  integrity. 

For  both  (i)  and  (ii),  the  agreed  subscriber  network  signalling  method 
id  identical  to  the  one  described  in  1.4.2.  Further  study  is  needed 
for  the  practical  impleaentat ion. 

(iil)  For  services  requiring  several  64  kbit/s  digital  paths  an 
appropriate  standard  multiplex  for  subscriber  access  will 
be  provided.  The  signalling  a-rangcr-ent  for  these  applica¬ 
tions  are  for  further  study. 

1.4.4  PASg  access 

Two  cases  have  been  identified: 

Type  1  -  Access  of  the  PA8X  to  the  serving  local  exchange  is  either  by 
by  a  number  of  individual  basic  accesses  or  alternatively  through 
a  suitable  multiplex. 

T/pe  2  -  Connection  of  the  PAbX  to  the  serving  local  exchange  is  per¬ 
formed  by  an  appropriate  standard  multiplex,  with  coraos  channel 
signalling.  The  Message  Transfer  Part  of  the  signalling  shall  be  con¬ 
sistent  with  the  one  defined  in  CC1TT  Signalling  System  fco.  7- 

1.5  Explanations  to  Figure  1 

Figure  1  shows  a  number  of  possible  functional  interfaces  in  the  local 
networks  of  ISOS,  some  of  which  may  need  to  be  the  subject  of  recoanen- 
dations.  It  is  emphasised  that  the  block  diagram  represents  functional 
entities  and  is  not  intended  to  represent  hardware  implementations- 

Ths  following  comments  apply  to  Figure  t. 

a)  Tne  functional  circles  diagram  wi  thin  the  large  SI  1C  box  represents  the 
routing  of  information  typus  into  the  64  kbit/s  basic  channel  and 

the  out-slot  channel. 

b)  The  SifC  functional  representation  in  Figure  1  docs  not  imply  that 
all  functions  may  indeed  always  be  iopl canted,  e.g  the  out-slot 
channel  access  for  low  speed  services. 

c)  A  certain  degree  of  flexibility  is  recommended  when  interpreting  the 
various  functional  interfaces  of  the  SLIC:  AJt  A^,  A,  and  BQ.  While 
interfaces  A,  and  A,  will  typically  correspond  to  external  equipment 
Interfaces,  interfaces  and  8  might  correspond  to  internal  inter¬ 
faces  only.  Interface  Aj  typically  refers  to  the  physical  connec¬ 
tion  of  a  digital  vioce  channel  at  64  kbit/s  with  digital  out-slot 
signalling.  Should  this  interface  correspond  to  the  physical  connec¬ 
tion  of  an  analogue  voice  channel  then  coice  coding  and  digital  out- 
slot  signalling  generation  would  be  performed  by  the  SLIC.  Interface 
A,  typically  refers  to  th*  physical  connection  of  a  data  terminal 
equipment  (DTE).  For  example  this  may  in  the  near  future  be  an  X.21 
or  X.25  tyoo  of  interface;  in  this  case  data  otddino  uo  to  64  kbit/s 
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and  out-s!ot  signalling  Generation  are  performed  by  the  SL1C.  However, 
for  future  data  communication  this  interface  might  correspond  to  the 
connection  of  a  ISTE  ameratinq  data  at  6k  kbit/s  with  digital  out-slot 
signalling,  Similarly  interfaces  A-  might  correspond  to  the  physical 
connection  of  slow  soeed  DTEs  operating  with  a  CCITT  standard  inter¬ 
face  or  a  new  interface. 


d}  In  view  of  the  several  types  of  interfaces  A^.  and  A,  it  is  re¬ 
cognised  tfwt  priority  should  be  Given  in  the  first  instance  to 
the  Stuo'v  of  interface  where  the  characteristics  of  the  6A  kbit/s 
and  the  channel  can  be  specified  regardless  of  the  physical  irole- 
centation  of  functions  performed  b\  STEs  and  SLiCs. 


The  SL1C  maos  the  characteristics  of  the  different  Aj .  A  and  A 
interfaces  into  a  common  Bg  interface.  Interface  Bg  rcaufres  the 
specification  of  various  interface  levels,  including  the  inter¬ 
leaving  technique  of  the  various  types  of  information.  It  is  recog¬ 
nised  that  the  interleaving  technique  oiqht  imply  or  not  irsoly  the 
provision  of  alignment  information;  this  information  might  be 
carried  over  the  subscriber  loop  by  exploiting  the  line  transmission 
techniaue  (e.a.  the  line  coding). 

e)  Concerning  network  provided  broad-band  services  requiring  n  x  6G  kbit/s 
the  interfaces  t.,  C_  and  0.  will,  depending  on  the  value  of  a  and 

the  conditions  in  each  particular  case,  be: 

-  n  parallel  §#,  C1  and  Dg  interfaces,  respectively,  or 

-  Cj  and  F  interfaces,  respectively. 

See  also  1.1.3. 

f)  Concerning  PAJJXs  (of  type  2),  interfaces  Bg,  C?  and  D  will  match 
the  E,  F,  C^  and  respectively.  See  alto  i-kzk. 

g)  Concerning  remote  digital  concentrators  and  nuldexes  the  use  of 
the  standard  2  Hbit/s  and  3  Hbit/s  interfaces  is  envisaged.  Inter¬ 
faces  E  and  F  should  be  in  accordance  with  CCITT  Rec.  G7G3.  Although 
some  differences  probauty  cannot  be  avoided,  interfaces  E  and  F  should 
be  based  on  Rees.  G  73**  and  G.  7*t6.  A  new  muldex  with  lower  capacity 
than  2  Hbit/s.  of  which  possible  standardisation  is  under  study,  can 
also  be  used  for  interfaces  E  and  F. 
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utss  gatrss  to  cse  uw; 

-3  that  tier*  aiii  a*  a  need  to  :::.:-  "  multiplexed  groups  of  digital  PASS  lines 

d  local  digital  ejutaasges  in  the  ISDS; 

2. a.  that  tat  multiplex  arrangeasats  in  12-3)  may  be  applicable  to  remote 
siltiplexes  used  u  sossstct  several  direst  lines  to  the  local  digital  exchange; 

2.5  last  tie  prireiples  relating  to  tae  customer /net'-ark  interface,  ami  tie 

associated  castater  network  rigr.allim.-,  sill  a#  studied  by  Stu^-  Group  Will 
(Question  S/WIII); 
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QUESTION  3/XVIII  -  Synchronization  in  digital  networks 
(continuation  of  Question  3/XVIII,  studied  in  1977-1980 ) 

Considering 

a)  that  general  agreement  has  been  reached  in  the  previous  study  period  on  the 
need  for  high  quality  timing  control  in  the  national  digital  networks, 

b)  that  the  decision  to  operate  international  connections  in  the  first  instance 
on  a  plesiochronous  basis  has  been  made, 

c)  that  the  interest  has  been  expressed  by  some  Administrations  in  continuing  to 
study  the  possibility  in  the  longer  term  of  a  synchronized  international  network, 

d)  that  the  requirements  on  the  interconnection  of  international  digital  links 
are  defined  in  Recommendation  G.811, 

e)  that  basic  agreement  has  been  reached  on  the  need  for  end-to-end  performance 
requirements  on  digital  connections, 

f)  that  some  of  these  requirements  have  been  defined  in  draft  Recommendation  G.822, 

g)  that  further  refinements  of  these  Recommendations  are  required, 

1)  What  are  the  requirements  for  synchronization  methods  in  national  networks, 
to  provide  compatibility  in  international  connections  and  to  ensure  the  end-to-end 
performance  requirements  are  met  7 

2)  What  methods  should  he  used  for  the  synchronization  of  the  international 
ISDN  and  dedicated  IDNs  7 

3)  What  additional  slip  criteria  are  to  be  recommended  for  tb.e  end-to-end 
performance  of  a  digital  connection,  during  periods  of  temporary  loss  of 
synchronization  7 

4)  Ho*  should  the  reliability  of  network  clocks  be  defined  and  what  values 
should  be  allocated  to  reliability  7 

5)  What  synchronization  requirements  are  needed  when  satellite  switehed/TDMA 
mode  link3  are  incorporated  into  the  network  7 

6)  What  further  studies  are  required  to  define  the  limits  of  wander  likely  to 
be  encountered  7  How  should  this  be  specified  7 

7)  What  modifications  or  additions  are  required  to  Recommendation  G.8ll 
(Performance  of  clocks  suitable  for  plesiochronous  operation  of  international  digits 
links)  and  G.822  (Controlled  slip  rate  objectives  on  an  international  digital 
connection)  7  It  will  be  desirable  to  harmonize  the  relevant  G,  Q  and  X  series 
Recommendations . 

8)  What  additional  Recommendations  need  to  be  formulated  to  satisfy  the  above 
points  7 


(22) 
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Annex 

(to  Question  3/XVIII) 

Proposed  draft  Recoaaendation  G.8YY  -  Jitter  and  wander 
in  a  digital  network 

(contribution  by  Nippon  Telegraph  A  Telephone  Public  Corporation) 


1,  Introduction 


Study  Group  XVIII  agreed  to  define  the  Recoaaendation  G8YY 
specifying  aaxiaua  tolerable  wander  as  a  design  object  of  a  frame  aligner  at 
network  node.  The  general  guideline,  as  follows,  was  established  at  the 
May,  1979  meeting. 

a)  It  should  be  recognized  that  excess  buffer  size  will 
significantly  increase  the  delay  through  the  exchange. 

b)  The  specification  on  wander  should  be  taken  as  a  coaeon 
design  requirement  for  a  fraae  aligner. 

c)  In  the  study  of  wander,  it  is  necessary  to  refer  to  present 
CCITT  Recommendations. 

”0.721:  hypothetical  reference  digital  path 
-  0.1 0M:  hypothetical  reference  connection 
—  G.81 1 :  international  plealochronoua  links 


This  contribution  provides  the  basis  for  technical 
considerations  on  this  matter  as  well  as  the  text  of  draft 
recommendation  G.BYY. 

2.  Parameter  related  to  wander 

2.1  Hetworlt  confUiiriUfln 

a)  The  national  network  has  five  hierarchical  levels. 

b)  Maximum  length  of  digital  links: 

long-haul  link:  5000  km 
short-haul  'ink:  100  km 

2.2  Source -gf  wander 

Two  factors  are  considered: 

a)  delay  deviation  due  to  temperature  variation  in 
transmission  facilities; 

b)  phase  deviation  of  oscillators  at  a  network  node. 
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2.3  Minder. due  to  traoaiaalan  faslUUea 

2-3.1  Types  of  transmission  systems 

To  specify  the  wander  of  transmission  facilities,  it  is 
sufficient  to  take  into  account  only  the  cable  transmission  systems.  It  is 
because  wander  via  radio-relay  systems  can  be  considered  to  be  smaller. 

Wander  of  satellite  and  optical  fiber  links  is  for  further 

study. 


2.3.2  Delay  variation  performances 

Two  factors  should  be  taken  into  account  to  specify  the  wander 
value  of  transmission  facilities:  cables  and  repeaters. 

a)  Performance  of  cables 

Delay,  performances  due  to  temperature  variation  can  be  given 
as  follows: 


symmetrical  pair 

paper- insulated :  3.0  na/km  °c 

polyethylene- insulated:  0.3  ns/krn  c 
coaxial  cable  (2. 6/9. 5  mm):  0.03  ns/km°c 

b)  Performance  of  repeatura 

Delay  variation  performance  mainly  due  to  mistuning  of  a  tank 
circuit  can  be  specified  as  follows: 

At/AT  *  2/fo  (ns/°C  rep) 

Where  At  :  delay  variation 

fQ  :■  clock  frequency  in  MHz 

AT  :  temperature  variation 

2.3.3  Temperature  variation 

The  values  of  temperature  variation  are  not  yet  standardized, 
but  the  following  values  are  assumed  considering  the  typical  conditions. 


? 
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2.3.U  Installation  conditions  of  transmission  facilities 
The  following  typical  conditions  are  considered: 


long-haul  link  -  coaxial  cable  (1001  buried); 

short-haul  link  -  paper- insulated  pair  (100$  buried) 


or  polyethlene- insulated  (100$  aerial). 

2.3.5  Iraaaalaalon  path  aadsl 

As  HRX  or  HRDP,  following  digital  paths  are  considered: 
long-haul  digital  link:  5000  ka; 
short-haul  digital  link:  100  km  (=  2  x  50  ka). 

2.3.6,  Wander  value 

From  the  conditions  described  above,  the  wander  value  due  to 
tranaalsslon  facilities  is  estimated  as  follows: 


Daily 

Daily  and  yearly 

Long-haul 

0  us 

3.6  US 

Short-haul 

6.2  us 

10.4  us 

Total 

6.2  US 

14.0  us 

(  paak-to-ijaak  valuo  ) 


2.*  Wander  generated  at  a  network  node 

2.1*.l  In  case  of  synchronous  network 

In  the  case  that  a  network  is  synchronized  by  a  master-slave 
or  a  mutual  synchronized  system,  wander  generated  at  a  network  node  is  due  to 
phase  deviation  of  a  phase-locked  oscillator  such  as: 

a)  unstability  of  an  oscillator; 

b)  phase  drift  of  a  phase-locked  oscillator; 

c)  phase  deviation  due  to  digital  control, 


Taking  into  account  these  factors,  1/2  UI  (peak-to-peak  value) 
is  considered  to  be  appropriate  as  a  maximum  wander  value  at  each  network 
node. 
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Therefore,  Mender  generated  at  each  network  node  la  given 

below. 


1.544  Mb/a:  At*  0.32k  ys 

2.008  Mb/a:  At  «  0.200  ya 

2.4.2  la-siMLat  Blcalsstifgagua  operation 

In  caae  of  pleaiochronoua  operation,  wander  generated  at  a 
network  node  ia  due  to  inatability  of  oacillatora  and  ita  value  ia  specified  as 
20  ya  in  Recommendation  G.811.  But  aa  some  administrations  pointed  out,  its 
value  ia  too  large  from  the  viewpoint  of  feasibility. 

NTT  proposed  a  revised  value  of  2.5  ys  in  the  accompanied 
contribution  ( COM  XVIII  No.  398). 

3.  Wander  in  a  digital  network 

3.1  Wander  in  a -national-network 

Wander  in  each  digital  link  and  network  node  accuaulates  along 
digital  links,  and  its  accumulation  law  depends  upon  network  synchronization 
system:  master-slave,  mutual  and  pleaiochronoua  sytema.  Therefore,  it  is 
necessary  to  estimate  the  maximum  wander  in  caae  of  each  synchronization 
ayatam. 

3.1.1  Hmater-alave  system 

In  the  caae  that  a  national  digital  network  la  synchronized  by 
master-slave  ay ate  the  wander  accumulates  linearly  along  digital  links  as 

shown  below: 

att  x  rATL  ♦  EAtn 

^Tj  :  total  wander  in  a  digital  network 

;  wander  in  each  digital  link  due  to  transmission 
facilities 

At#  :  wander . generated  at  each  network  node. 

Based  upon  the  network  parameters  and  the  wander  values  in 
each  section  as  shown  above,  total  wander  is  given  aa  follows* 

aTT  s  14.0  ♦  0.32  n  10 

-  17.2  (ys) 

3.1.2  Mutual  synchronization  system 

In  this  ease,  the  maximum  wander  in  a  national  network  is 

given  by: 

*  (wander  of  one  digital  link]  *  [wander  generated  at 
both  end  network  nodes] 

a  14.0  ♦ax  0.32 

=  14.62  (us) 


122) 
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3.1.3  Plesiochronous  operation 

In  this  case,  the  maximum  wander  la  given  by; 

*  [wander  of  one  digital  link]  ♦  [wander  generated  by 
oaclllators  at  both  end  network  nodea] 

*  1H.0  ♦  2.5 
=  16.5  (us) 

These  estimations  lead  to  the  conclusion  that  the  maximum 
wander  in  a  national  digital  network  is  17.2  usee  for  any  network  and  any 
network  synchronization  system. 

3.2  Wander  in  an  international  network 

To  estimate  the  wander  in  an  international  network,  the  two 
cases  should  be  considered . 

Case  1:  Digital  path  is  set  up  through  international  gateway 
exchanges  connected  by  plesiochronous  operation. 

Case  2;  Digital  path  is  set  up  directly  between  neighbouring 

exchanges  in  neighbouring  countries  where  a  national  network 
is  synchronized  to  a  reference  clock. 

In  case  1,  wander  accumulated  in  each  national  network  is 
isolated  by  the  international  link  using  plesiochronous  operation.  Therefore, 
the  maximum  wander  is  equal  to  that  of  a  national  network. 

In  case  2,  the  maximum  wander  is  given  by 

At  =  [wander  of  a  national  network]  ♦  [wander  generated  by 
reference  clocks] 

=  17.2  ♦  2.5 

=  19.8  (us) 

t  Jitter  in  m  digital  network 

Jitter  at  each  hierarchical  level  is  specified  in 
Recommendations  for  MULDEX  and  interfaces  as  shown  below: 

1.5*M»  Mb/s:  Recommendation  G.743 

2.0k8  Mb/s:  Recommendation  G.703 

8.RM8  Mb/s:  Recommendation  G.703 

5  Recommendation  of  Jitter  and  wander 

These  discussions  lead  to  the  Recommendation  G.9TX  which 
specifies  Jitter  and  wander  in  a  digital  network. 

Draft  Recommendation  G.8YT  is  attached  as  an  Annex  to  this 
contribution. 
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Annex 

(to  proposed  draft  Recommendation  G.8YY) 
Jitter  and  wander  in  a  digital  network 


1  General 

Thia  Recoeaendation  deals  with  the  lower  Halt  of  aaxlaua 
tolerable  jitter  and  wander  In  digital  networks  to  establish  coaaon  design 
requlreaent  of  a  fraae  aligner  at  each  network  node.  The  fraae  aligner  is 
located  in  a  digital  exchange  terminal,  a  synchronous  digital  aultiplex  or 
other  synchronous  equipaents.  Digital  networks  synchronised  by  the  following 
ayateas  are  aasuaed: 

international  links  -  plealochronoua  (G.811); 

national  network  -  synchronous  (aaster-slave  or  autual) 

or  pleslocbronous. 

2  Jitter  and  wnrt.r  in  .  digital  network 

2.1  Jitter  and  wander  in  a  national  network  or  Internationa]  links 

via  atnai  afflcaa 

Ths  aaxlaua  tolerable  Jitter  and  wander  at  an  input  of  a 
fraae  aligner  in  a  national  network  or  an  international  link  via  gateway 
offices  are  specif led  by  Figure  1  and  Table  1. 

2.2  jiut  ami  maflic  far  local  flglgtUMmctefld  lamaaUaaal  llaka 

the  aaxlaua  tolerable  jitter  end  wander  for  local 
neighbourhood  international  links  are  specified  by  Figure  1  and  Table  2. 


(22) 
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TABLE  2 


Values  tor  Malt  nr  tolerable  .jitter  and  wander  at  frame  elignera 


2048  kbit/s 

8448  kbit/s 

1544  kbit/s 

A,  (US» 

18.8 

19.8 

19.8 

A,  (UI> 

X.S 

l.S 

2.0 

■KM 

0.2 

0.2 

0.05 

f ( (Hz) 

3  a  10'* 

3  a  10  ■* 

3  a  10** 

BOB 

20 

20 

10 

f,(«U) 

2.4  a  10* 

400 

200 

fs(HS> 

18  a  101 

3  a  10* 

8  a  10* 

e%tna> 

100  a  10s 

400  a  10* 

40  a  10* 

QUESTION  L/aVII!  -  Signalling  for  the  ISDN 

(continuation  of  part  of  Question  2/XVIII,  studied  is  1577-1980) 

Considering 

a)  the  seed  for  HJNs  to  be  a  subset  of  the  ISON; 

b)  that  Recomendations  for  Signalling  System  Bo.  7  have  been  prepared  in 
Study  Group  XI  (message  transfer  part,  coaon  to  all  users  and  services,  and  telephony 
user  pert)  in  Study  Group  VII  (data  user  part); 

c)  that  Reco»endation  X.25  exists  for  recommending  as  interface  between  DTE  and 
DCE  for  terminals  operating  in  the  packet  mode  on  public  data  networks; 

d)  that  Signalling  System  No.  7  is  likely  to  be  used  as  the  basis  for  network 
signalling  for  other  services  in  an  ISON; 

e)  the  need  for  additional  requirements  for  customer  access  signalling  identified 
in  Study  Group  XVIII; 

f )  that  interworking  between  customer  access  signalling  and 
CCITT  Signalling  System  No.  7  will  be  required; 

g)  that  functional  layering  concepts  for  data  networks  are  being  developed  in 
CCITT; 

hi  thet  coordination  of  the  various  signalling  requirements  m  an  ISBN  is 


necessary; 
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What  are  the  principles  which  should  fora  the  basis  for  detailed  study  of 
signalling  for  ISDN  and  provide  a  franework  within  which  equipment  Reenaaendations  can 
he  produced  by  the  specialized  Study  Groups  in  regard  to  : 

1.  for  custoaer  access/network  signalling  for  terni rials  (including  multi-service 
terminals  and  PABXs)  connected  to  an  ISDN  ? 

2.  for  handling  inter-exchange  signalling  for  the  various  services  in  an  ISDN  ? 

3-  for  through-signalling  fron  custoaer  equipment  to  network-provided  resources 

and  froa  custoaer  access  including  aulti-service  terminals  to  another  custoaer 
equipment,  end  to  end  ? 

k.  for  signalling  between  ISDN  exchanges  and  dedicated  networks  ? 

5-  to  provide  signalling  arrangements  for  the  switching  in  and  out  of  digital 

processing  devices  as  required  in  an  ISDN  1 

6.  to  provide  for  the  application  of  the  functional  layering  principles  in 

development  of  signalling  protocols  in  an  ISDN  ? 

Note  :  Relevant  material  is  to  be  found  in  Annexes  3  and  k  to  Question  1/XVIII. 
QUESTION  5/XVIII  -  Switching  for  the  ISDN 

(continuation  of  part  of  Question  2/XVIII,  studied  in  1977-1980} 

Contiderimt 

-  the  need  for  IDMs  to  be  a  subset  of  the  ISDN, 

-  that  Hec emendations  for  digital  transit  exchanges  have  been  prepared  in 
Study  Group  XI, 

-  the  need  for  exchanges  to  be  able  to  switch  6k  kbit/s  circuits  which  aay  be 
carrying  voice,  data  or  other  services, 

-  the  need  for  exchanges  to  seet  operational  and  performance  requirements  of 
voice,  data  and  other  services, 

-  the  need  to  control  processing  devices  which  nay  be  included  in  seme 
connections. 


-  ttie  need  to  provide  interworking  and  interconnection  between  different 
standards  and  different  types  of  dedicated  networks. 


the  contribution  of  exchanges  to  overall  network  performances. 


-  the  need  to  provide  interfaces  appropriate  to  equipment  which  will  be 
connected  to  exchanges,  from  the  customer  side  and  from  the  Interexchange  side, 

"What  are  the  principles  which  should  fora  the  basis  for  detailed  study 
of  switching  fer  ISDN,  end  provide  e  framework  within  which  equipment  SecowodatJons 
can  be  produced  by  the  tpecielissd  study  groups.  The  following  points  ahmi'id  be 
included  in  the  studies  : 

1.  The  interface  oe  tween  local  network  digital  transmission  end  the  local 
exchange  (or  concentrator) - 
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2.  The  Interface  between  trunk  and  junction  digital  transmission  ays teas  and 
local  and  trunk  exchanges  of  ISSN. 

3»  The  interface  between  ISOM  exchanges  and  transmission  system  to  dedicated 
networks. 

4.  Provision  of  general  features  required  by  many  services  on  ISDN. 

5.  Provision  of  service-dependent  features  required  in  parts  of  ISDN. 

6.  Method  of  controlling  signal  procsssing  devices  (e.g.  echo  suppressors ). 

7.  Arrangements  for  deriving  charging  information  according  to  the 
re  jiil  re—its  of  different  services  carried  on  ISDN. 

8.  Arrangements  for  the  use,  identification  and  analysis  of  service 
indication. 

9.  Network  addreeeing  end  numbering  and  routing  opticas  for  interworking 
between  the  ISM  and  other  networks,  and  in  tare  annexions  of  customers  connected 
to  the  ISM  customers  conned  ted  to  other  networks. 

10.  Methods  of  carrying  wider-band  services  by  naans  of  multi-clot.  connexions. 

11.  Switching  programme  requirements  consistent  with  network  requirements 
(in  cooperation  with  Question  9/XVIII). 

12.  Operation  and  maintenance  of  switching  (In  cooperation  with  Question  12/XVIII). 

13.  Any  additional  provision*  to  facilitate  a  smooth  transition  towards 
a  comprehsnalve  ISM". 

Note  :  Relevant  caterial  is  to  be  found  in  Annexes  3  and  k  to  Question  -  -  -  -  X  - 


QUESTION  6/XVIII  -  Definition  for  digital  networks 
(continuation  of  Question  7/XVIII,  studied  in  1977-1980} 

What  definition  should  be  given  to  terns  used  for  digital  systess  (including 
switching,  signalling,  synchronization  and  transmission  systess)  which  fsrs  part  of 
digital  networks  ? 

Note  l  ;  Studies  on  this  Question  should  be  based  on  Recoaaendation  0.702. 

Mote  Z  :  Che  Rapporteur  for  this  Question  will  act  as  coordinator  for  the  stu  as  Of 
related  definitions  produced  in  other  Study  Groups ,  e.g.  Study  Groups  VII  and  XI. 

Note  3  :  It  is  understood  that  in  the  present  set  of  Questions  the  tern  "Digital 
Networks"  includes  both  the  IDS  and  the  ISDN.  - 

QUESTION  7/XVin  -  Encoding  of  speech  and  voice-band  signals  using  methods 
other  than  PCM,  in  accordance  with  F.eccssendation  G.71I 

(continuation  of  Question  10/XVJII,  studied  in  1977-1980} 


Considering  that 

a)  PCM  encoding  for  speech  is  now  widely  used  in  telecosusieatien  networks 

for  telephony  (A- law  and  y-iav). 


are 


b)  progress  m  technology  is  likely  to  offer  other  coding  methods  which 
of  a  technical  and  economic  interest, 

c)  there  is  a  desire  to  make  efficient  use  of  transmission  paths, 

d)  proliferation  of  standards  in  the  world  wide  digital  network  leads  to  the 
need  for  code  converters  and  to  operational  complications, 

e)  the  IDti  and  ISDN  studies  are  based  exclusively  on  6 It  kbit/s  paths 
the  following  should  be  studied  : 

Should  any  other  encoding  method  (e.g.  adaptive  differential  PCM,  delta 
modulation  or  sub-band  coding)  be  recommended  for  use  in  international  networks  "I 
If  so,  for  what  applications  are  they  suitable  and  what  are  the  relevant  transmission 
performance  criteria  ?  What  are  the  inter-working  problems  with  systems  using 
standard  PCM  encoding  ? 


In  the  frame  of  this  Question  the  following  problems  should  be  considered  : 


1.  choice  of  encoding  methods, 

2.  choice  of  a  bit  :ate  for  encoding  of  speech  signals, 

3.  effect  of  digital  network  impairment  on  voice  and  voice-band  data  signals 
transmitted  over  codecs  (ADPCM,  £M  and  others), 

b.  voice-band  data  transmission  at  various  rates  in  channels  formed  by 
ADPCM,  DM  and  other  eethods, 

5.  transmission  performance  of  codecs  connected  in  tandem  l ADPCM,  CM  and  others) 

6.  compatibility  with  digital  networks  based  on  6b  kbit/s  time  slots, 

T.  compatibility  with  digital  signals  encoded  by  other  methods ,  for  example 
fib  kbit/s  PCM, 

8.  the  performance  of  the  lower  rate  speech  coding  schemes  when  they  are 
connected  in  tandem  with  an  appropriate  digital  conversion  to  interface 
with  the  existing  u-lav  and  A-lav  fib  kbit/s  Recossendatien  G.711, 

9.  quantification  of  the  impairment  to  voice  and  in-band  data  services  when 

the  digital  path  produced  errors  in  the  range  allowed  by  Recommend&t i or,  G.82I 

10.  the  methods  of  assessment  used  in  the  evaluation  of  speech  performance 
(comments  of  Study  Group  XII  will  be  requested  on  this  matter), 

11.  usage  of  encoding  methods  other  than  PCM  for  wideband  speech  signal 
transmission. 
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(to  Question  7/XVTII) 

f'XVIII  (Other  uctr.cds  of  encoding  than  ?C'J, 
study  period  19T7~19S0 


The  studying  being  carried  out 
showed  that  problems  of  choice  of 


during  the  last  study  pcno!  1977-I33C 
rent  i  ai  encoding  method  and  of  ar.  ence 


bit 


pinion  that  it  would  be  nice.!? 
d  in  adoption  of  two  cnr-dm."  ~C" 
es  the  A  tn  u  convert; cj  ar.  i  ■ 
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rate  are  sost  isportact  and  urgent. 

Many  Adsinistratiens  endorsed  t 
to  have  a  situation  which  in  the  past  res 
(A  and  U )  end  which*  subsequently  *  nc*e*.* 

The  najerity  of  Administrations  agreed  that  when  using  dif.erer. 
of  encoding  the  encoding  bit  rate  should  be  subnultiple  to  6»  kbit/s  ana 
3  keit/s.  The  preferable  encoding  bit  rate  is  32  abit.s. 

During  the  ^receding  study  period  1373-1575  the  study  r.iiciy  relates  to 
adaptive  delta  modulation.  The  present  study  period  has  shewn  Crater  interest  la 
adaptive  differential  FCM  CADPOl)  at  »  kbit/s  for  voice  and  voice-band  ,a.a - a* 

trannaissicn. 

Study  Croup  mil  takas  note  of  tha  results  obtain*!  by  Stuff  Group  XII 
for  an  aatiaat.  of  a  valua  of  quantising  distortion  and  nusbsr  of  ispsirssnt 
isiits  with  32  kbit/s  WFCH  proesaa. 

Moreover  the  opinion  was  expressed  that  the  differential  encoding  methods 

— -  zzs  =. - 

transmitting  wideband  voice  Signs*8  ntboM  .n.reasiug 

to  opinion  was  also  expressed  that  -hen  choosing  the  bit  rate  «*  ”**°* 

«d  1-rws  of  encoding  the  ef  ‘-bis 

should  be  taken  into  conSiderat.cn  along  with  the  *=pac-  tl  .j  vms  to 

new  encoding  sethod  into  integrated  ^ giLSTenc* 

necessity  of  studying  the  procj.cn  oi  ic=F*t* — . „ 

by  ether  methods,  for  exasple  6i  kbit/s  resulting  fres  ?C>.  encoding  -  he 
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The  results  obtained  durin 
to  prepare  any  draft  Seccssiet»dati«s 
be  noted  that  the  nos*  pressing  profe 
for  differential  encoding  Methods. 


the  present  study  period  gave 
-  other  nethods  of  encoding  t: 
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1.  Introduction 

A  distinction  should  be  drawn  between  toe  two  types  of  equipment  indicated 
below  when  considering  so  encoding  settled  other  than  PCX,  such  as  PCX  differential 
adaptive  encoding  at  32  kbit/s  (FCXCA-  : 

-  *'*  terminal  which  converts  the  A?  signal  directly  into  an  encoded  signal, 

it  32  kbit/s,  and  vice  versa; 

-  the  cede  converter  which  converts  the  encoded  PCX  signal  at  fifc  kbit/s 

lA-law  or  it-lau}  into  a  signal  encoded  at  a  lower  bit  rate,  e.g.  32  kbit/s, 

and  vice  versa. 

"Encoding"  is  the  operation  effected  by  a  tersiaal  Kid  “code  conversion" 
that  effected  by  a  code  converter. 

A  given  encoding  technique  will  therefore  have  the  property  of  sozs-aoetanlation 
of  i^airaents  in  successive  code  conversions,  if  the  following  operations  : 

AF  — — —  PCX  »  PCXQA - *  PCX - -  gy 

and  AF  -  »  PCX - -  PCXSA  -■  —  PCX - *  FC3S2A - -  PCX - -  AF 

produce  the  see  impairment  regardless  of  the  mer  of  intermediate 
FO* - PCXOA - PCX  sequences. 

This  property  relates  solely  to  successive  code  conversions. 

Paragraph  2  shows  the  advantage  of  this  property  for  the  introduction  of 
32  kbit/s  encoding  techniques  into  a  digital  network. 

The  French  Administration  has  studied  a  differential  32  kbit/s  POI  coding 
technique  with  adaptive  quantizer  and  fired  predictor  which  possesses  this  property 
(see  Cm  XVUI-So.  22»8,  study  period  1«77-I980j. 

To  improve  the  subjective  quality  of  32  kbit/s  PCXTA  encoding  techniques 
using  a  fixed  predictor,  some  Administrations  (including  the  French)  have  proposed 
the  use  of  32  kbit/s  adaptive  quantizer  and  adaptive  predictor  differential  PCX 
encoding  techniques.  The  French  Administration  would  also  paint  out  to  other 
Administrations  studying  such  encoding  techniques  that  it  would  be  useful  if  these 
techniques  also  possess  the  property  of  r.or:-accu.c  .latiar.  of  irar;  mcr.tr  in  successive 
code  conversions.  Studies  along  these  lines  are  at  present  in  progress  in  France. 
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2.  Non-accumulation  of  impairments  in  successive  code  conversions 

The  purpose  of  this  paragraph  is  to  consider  the  repercussions  of  the 
property  of  non-accumulation  of  impairment  on  the  successive  code  conversions  which 
can  appear  in  a  digital  network. 

Let  us  consider  a  digital  network  with  TDM  switching  and  a  bit  rate  of 
6b  kbit/s,  and  the  case  (Figure  1)  of  a  call  routing  following  several  .digital 
tranaaission  paths  separated  by  TDM  switching  centres.  A  priori,  }f  we  use  a 
conventional  32  kbit/s  coding  in  transmission  and  we  put  a  code  converter  at  each 
svitehing/transaission  interface,  each  code  converter  will  introduce  its  own 
impairment  and  the  total  impairment  will  be  proportional  to  tbs  number  of  circuits 
involved. 


if,  on  the  other  hand,  the  32  kbit/s  coding  used  for  tranaaission  does  not 
accumulate  impairments  in'  successive  code  conversions,  the  total  impairment  will 
correspond  to  the  impairment  caused  by  a  32  kbit/s  coding/decoding  irrespective  of 
the  number  of  circuits  ussd  for  the  call. 

This  type  of  digital  routing  will  become  very  common  once  network 
digitization  is  sufficiently  advanced,  hence  the  importance  of  impairment 
non-accuarulation  in  successive  code  conversions. 


(22) 
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Figure  1  -  Examples  of  digital  calls 

-  Caae  I  Example  of  6U  kbi'!  '}  digital  call 

-  Case  II  Example  of  digital  call  using  a  32  kbit/s  section  :  the  impairment 

compared  with  Case  I  it  that  of  a  PCM  D  coding /decoding 

-  Case  III  Example  of  digital  call  using  two  32  kbit/s  sections 

The  impairment  is  the  same  as  in  Case  II  provided  that  the  32  kbit/s 
coding  has  the  property  of  non-accumulation  of  impairment  in  the 
successive  code  conversions 

SCU  :  Subscriber  connection  unit 

LTDMC  :  Local  TDM  centre 

TDMTC  :  TDM  transit  centre 

PCM  PCM  D  Code  converter  PCM  PCM  D 

PCM  D  PCM  Code  converter  PCM  D  PCM 

Only  one  call  direction  is  shown 
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Annex  3 

(to  Question  l/'.yill) 


Quality  evaluation  of  codecs  at  32  kbit/s 
(contribution  by  Bell-Northern  Research) 


1.  Introduction 

Stent  axpariaaecal  work  on  an#  4DFCM  Codac  deaign*  conducted  at 
1*1 1-dor  tha  rn  laaaarch  indicate  that  tha  t patch  quality  obtrtmad  with  32  kblt/a  AD7CM 
eoaaa  cloaa  to  that  obtalaad  with  8-blt,fc-233  coapaadad  KM  codaca.  la  particular, 
tvo  codac  daalgnt  wart  araluatad,  ona  aaploylng  a  flaad  thlrd-ordar  pradictor  aad  aa 
adaptive  non  u&ifota  quantiser,  heraaftar  rafarrad  to  aa  tha  'SSI'  codac,  tha  aacottd 
aaploylog  aa  adaptive  third-order  pradictor  aad  tha  toaa  puatlur  aa  before, 
haraaftar  rafarrad  to  aa  tha  *732*  codac. 


2,  laaalia. 

(a)  loth  1S KM  codaca  aaat  tha  oignal-to-total  dlatartlaa  ratio  taaplata  of 
OCXTT  laeoMMadatloa  0,712,  7  It  ora  3  for  fraqaaaelas  balaw  1100  la,  far 
hlthar  fraqwaaclaa,  tha  altaal-to-total  dlatortloa  ratio  drapa  rapidly  far 
tha  *732*  cad  at,  hut  raaalaa  ahawa  30  dl  far  tha  *732*, 

,a)  Tha  aahjeetlve  apaach  prafaraaca  taata  show  that  tha  qaallty  of  apaarh 
traaanlttad  soar  tha  '732*  codac  la  eonparahla  to  that  of  apaach 
traaaalttod  soar  aa  *-hltt/k«233  701  codac,  Tha  duality  of  apaach 
txaaaalttad  ever  tha  '732'  codac  la  slightly  wars*  thaa  that  of  apaach 
traaaalttod  soar  aa  1-hlt  hat  hattac  thaa  that  soar  a  7-bit,  u- 255  PCM 
codas, 

(c)  Voice-band  data  transmission  at  data  rates  up  to  hSQO  bits  over  the  ’V32’ 
codec  resulted  in  bit  error  ratios  of  less  than  10*"®.  In  contract,  the 
'F32'  codec  shows  bit  error  ratios  of  more  than  10“^  at  the  tested  data 
rates  of  2^00  bits  and  U800  bits. 

(4)  Tha  taac  raaalta  confined  that  aigmal-to-total  dlatortloa  ratio  with 
apaach  algae!  Input  la  sot  asltahla  to  accnrataly  aaaaaa  tha  quality  of 
1B7CM  aedoca,  far  tha  aoM  auk  J  active  qaallty,  tha  » It aal-to- total 
dlatortloa  ratio  (opasch  Input  sltaal)  of  tha  tastsd  AO  KM  codaca  la 
aiawrlcally  approxiaaeoly  I  dl  lower  thaa  tha  etrraspsadlaf  alt oal-ta- total 
dlatortloa  ratio  of  7CM  codac*. 

A  aadlffad  oocaoatod  oltaal-to-total  dlatortloa  ratio  (speech  Input) 
duality  Indicator  aodallod  of  Car  tichard*  {1}  vao  alao  taotod  aad  abowad  no 
such  bias.  Tha  quality  Indicator  Q  la  doflaad  boro  as 

Q  •  20  log  q 

ohara  la*  Cl*q*)  -  I  lot  (*1**1)  *1 

aad  S  •  *4  aaapla*  at  1  kta 

V  *  auahar  of  •  as  blocks  lb  the  signal 
*t  -  original  apaach  aaaplaa 
*1  *  racoaotruetad  apaach  aaaplaa 
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3*  C— clualoms 

A  alaiia  32  kbit/s  ADTCh  aacodar  appears  eo  provide  sdeqasta  parfonuaca 
Car  vslca  traaaalaaloa  aver  am  error  fraa  channel. 

(a)  for  vole*  crsaMissiom  only  AD  PCH  with  fix  ad  pradlctlos  (732)  la 
ssfflclaac. 

(k)  If  kotk,  voles  aad  rolca-baod  data  signals  ara  to  ba  transmitted,  ID  PCM 
with  find  pradlctlaa  (732)  la  aoc  adsqaaca  but  tba  ADVCM  with  adaptive 
pradlcdaa  (T32)  aaj  ba  saleable. 


(a)  To  aaaara  apaacb  qssllty  battar  thaa  that  of  7 -bit,  u«235 
laaae  third  ardar  pradlctlaa  la  ADfCK  eodaca  la  ladleatad. 
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Annex  U 

(to  Question  7/XVHI) 

Speech  coding  at  32  Kbit/s 
(Extract  from  COM  XVIII-No.  185  -  Italy) 


1.  Introduction 

This  Annex  describes  a  digital  Differential  Pulse  Code  Modulation  with 
adaptive  quantization  (ADPCM)  developed  and  tested  in  Italy.  Its  performances  in 
terms  of  objective  as  well  as  subjective  measurements  are  shown  and  compared  with 
a  6U  kbit/s  PCM  system. 

2.  ADPCM  730  :  A  fully  qj.gital  adaptive  differential  PCM 

Figure  1  shows  the  block  diagram  of  a  DPCM  with  adaptive  quantization. 

The  input  signal  digital  samples  sn  are  compared  with  the  sample  8  , 
being  the  prediction  filter  output;  this  difference  en,  called  prediction  error, 
is  coded  and  transmitted. 

Prediction  is  performed  by  using  Equation  (1)  : 


n  n  -  1 

r  ■  d  ♦  s 

n  n  n 


0.5  r 


n  -  2 


(1) 


The  predictor  coefficients  were  computed  so  as  to  minimize  the  mean 
square  error  e®  .  A  filter  with  two  coefficients  only  was  chosen,  because  by 
increasing  the  number  of  coefficients  the  signal-to-prediction  error  ratio  does 
not  improve  considerably. 
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The  adapter  modifies  the  h  bit  quantizer  step-size  on  the  basis  of  a  short- 
time  estimation  of  the  r.m.s.  of  signal  en  to  be  transmitted.  In  order  to  avoid 
the  transmission  of  the  step-size,  it  is  computed  both  at  the  transmitter  and  at 
the  receiver  using  samples  djj,  i.e.  the  prediction  error  after  quantizing  and  inverse 
quantizing. 


Step-size  computation  is  performed  by  using  the  following  equations  : 

Qn  -  c  pn  (2) 

P  -  (1  -  2_k)  P  ,  ♦  2-k  d_  (3) 

n  n  -  1  n 

where  c  *  0.5  and  k  *  2  were  chosen  to  maximize  the  signal-to-noise  ratio  measured 
by  computer  simulations. 
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ADPCM  730  :  Objective  and  subjective  performances 


The  signal-to-noise  ratio  is  computed  as  : 


S/N  =  10  Log 


<  s~n  > 

<  (sn  -  r‘ )*  > 


where  s  and  r'  are  referred  to  in  Figure  1. 
n 

S/N  consists  of  the  two  following  terms  :  S/E,  the  improvement  due  to 
prediction  and  E/N,  the  signal-to-noise  ratio  of  the  quantizer. 

In  the  case  of  the  predictor,  vith  the  two  chosen  coefficients,  S/E  is 
slightly  higher  than  1*  dB,  while  E/N  is  about  17  dB;  then  S/N  is  greater  than 
21  dB. 


Figure  2  shows  the  objective  performances  of  the  system  on  the  whole 
telephone  signals  range,  in  terms  of  S/N  ratios  of  a  61  kbit/s  and  of  a  32  kbit/s 
log  -  PCM  for  comparison  reasons. 

It  has  to  be  pointed  out  that  S/N  is  always  greater  than  20  dB.  In  fact, 
it  was  verified  that  if  S/N  exceeds  this  value,  for  multiplicative  noise  and  telephone 
speech  signals,  subjective  quality  is  quite  independent  from  the  came  3/M  value. 

In  ADPCM  730  the  noise  is  really  multiplicative,  as  shown  in  Figure  3, 
owing  to  the  quantizer  step-size  adaptation.  In  fact,  the  noise  is  always  masked 
by  the  speech  signal  and  then  it  is  less  perceivable  than  an  additive  one. 

Moreover,  ADPCM  can  present  an  adaptive  quantizer  characteristic  saturation 
which  can  be  referred  to  as  slope-overload,  because  the  system  is  differential  and 
which  is  due  to  the  deconvolution  process.  Ar.  example  is  shown  in  Figure  L,  where 
a  typical  speech  waveform  and  noise  are  plotted. 

This  kind  of  noise  does  not  present  a  great  infuer.ee  on  subjective 
osessments,  while  it  is  more  important,  for  the  overall  noise  objective  measurement, 
starting  from  the  given  definition. 

In  the  case  of  the  ADPCM  730  system  S/M,  evaluated  by  excluding  the  samples 
presenting  slope-overload,  is  2  to  3  dB  greater  than  overall  S/N. 
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Subjective  tests  were  performed  by  the  categorical  judgment  method  for 
6h  kbit/s  log  -  PCM  channels  as  veil  as  for  the  described  AJDPCM  system. 

The  tests  were  carried  out  during  a  conversation  between  two  operators 
who  gave  their  judgment. 

The  mean  opinion  was  obtained  from  20  people  assessments  and  every  one 
carried  out  two  tests  under  each  measurement  condition. 

Figure  5  shows  the  mean  opinion  score  versus  the  link  overall  reference 
equivalent  for  61*  kbit/s  log  -  PCM  and  32  kbit/s  ADPCM  channels.  It  can  be  seen 
that  the  mean  opinion  score  presents  only  a  small  difference  in  both  conditions. 


Tests  have  also  been  carried  out  on  the  transmission  of  data  signals,  telex 
and  MF.  signalling  in  the  voice  bsndvidth. 

For  telex  and  MF  signalling,  no  impairments  due  to  the  ADPCH  coding  process 
have  bees  observed. 

As  regards  data  signals .  no  quality  impairments  are  introduced  by  the 
enperisettal  equipments  when  the  data  bit  rate  ia  lover  or  equal  %o  2U00  bit/s 
end  no  acre  than  two  A/D  -  D/A  conversions  in  tandem  are  included-  Data  transmission 
tests  at  J*6oo  bit/s  vere  not  completely  satisfactory.  Studies  are  being  carried 
out  for  assuring  a  good  transmission  quality  also  at  this  bit  rata. 

It  is  worth  noticing  that  in  the  equipments  developed,  an  algorithm  ia 
provided  in  order  to  prevent  the  propagation  of  arrors  introduced  by  the  channel. 
Therefore,  the  quality  of  the  digital  connection  in  terms  of  error  rate  ia  not 
impaired  by  the  ADPCM  coding  process. 

listening  teats  shoved  tbet  quality  ie  not  considerably  influenced  by 
chsrjf.l  error  probabilities  up  to  10“®. 


COM  XVIII-Ho. 


>20  -30  -  40  -SO  -60  dBmO 

ccm-*Tt*» 

Figure  2  -  S/N  performance  of  adaptive  DPCM 

and  log-PCM  versus  input  speech  level 
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The  waveform  h :  is  multiplied  by  a  factor  IC  in 
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(to  Question  T/XVIII) 


Use  of  differential  encoding  for  "wideband  speech"  in  the  I5DS 
(contribution  from  Federal  Republic  of  Germany) 


Differential  encoding,  such  as  delta  modulation  or  ADPCM,  has  been 
taken  into  consideration  in  the  interest  of  reducing  the  bit  rate 
required  for  voice  transmission.  For  applications  of  this  kind,  the 
majority  of  Administrations  agreed  that  the  encoding  bit  rate  should 
be  32  kbit/s  (see  Reply  to  Q.10/XVIII,  Study  Period  1977-1980). 

This  Contribution  is  intended  to  draw  the  attention  of  S.G.  XVIII  to 
the  fact  that  differential  encoding  may  also  be  used  for  an  entirely 
different  purpose,  namely  for  providing  a  "wideband  speech*  service 
in  the  Integrated  Services  Digital  Network  (ISDN).  A  suitable  (and 
rather  simple,  hence  economically  attractive)  encoding  scheme  is  the 
well-known  Continuously  Variable  Slope  Delta  Modulation  (CVSD)  [  1  7 
which,  when  used  at  6«  kbit/s,  enables  speech  with  a  bandwidth  of 
about  6  to  7  kHz  to  be  encoded  with  good  quality.  This  could  be 
attractive* especially  in  connection  with  "loudspeaJmr  telephones". 

Compared  with  -the  encoding  of  wideband  speech  by  PCM  at  128  kbit/s* 
CVSD  has  the  advantage  that  only  64  kbit/s  are  used  (no  multi-slot 
service  with  accompanying  problems  of  providing  "digit  sequence 
integrity"  and  of  increased  blocking  probability). 

An  additional  advantage  may  be  seen  in  the  fact  that,  if  a  uniform 
encoding  scheme  is  standardized,  no  code  conversion  in  international 
connections  is  required,  in  contrast  to  PCM  encoding. 


In  the  ISON,  it  any  further  be  attractive  to  provide  a  eembined 
Toioo/ nme- voice  service  where  e.f.  48  or  56  kbit/s  are  uMd  for  nasi  Ti 
encoding  and  e.g.  up  to  8  kbit/e  for  date  cr  other  pnrpmse 


Reference 

[  1  7  Hosokawa,  S. ;  Tamashlta,  K.:  Companded  delta  modulation  coders 
of  tha  1/2  power  end  2/3  power  types.  FJectronics  end  Commu¬ 
nications  in  Japan,  Vol.5l-A  (1968),  Xo.11,  pp,  18-26. 
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,n  national  ana  international  networks 


e  uture  ; 


b)  that  speech  interpolation  systems  say  adversely  affect  the  operation  of 

other  equipment  such  as  echo  cancellers,  automatic  equaliser; 

decides  that  the  following  should  be  studied  : 

1.  what  should  be  the  characteristics  of  digital  speech  interpolation  {BSD 
systems  " 

2.  are  special  precautions  necessary  for  the  combined  usage  of  digital  speech 
interpolation  devices  with  other  digital  processors  such  as  echo  controlloing  devices  ' 

Note  :  Ketwors  implications  of  digital  speech  interpolation  systems  are  to  be  studied 
under  Question  1/ ’171 1 1  and  the  performance  of  connections  over  digital  speech 
interpolation  systems  under  Question  9/7TI1I . 


QUEST! OH  9/miI  -  General  network  performance  aspects  of  integrated  digital 
networks 

{continuation  of  part  of  Question  1/XVI1I,  studied  in  1977-1980) 

This  Question  is  concerned  with  studies  related  to  the  general  performance 
of  an  ISO*-  capable  of  satisfying  the  requirements  of  many  different  services. 

Account  will  be  taken  the  performance  requirements  being  established  by 
other  study  groups  in  CC1TT  and  CCIH  for  telephony  and  other  services.  Study  Group  XVIII 
will  keep  these  study  Groups  XI,  VII,  XV  and  C!I?r  informer  of  the  likely  performance  o 
socman  digital  building  blocks. 


Ivins  this  Question  reference  should  be  made 


ICS  which  relates  to  transmission  performance  objectives 


Point  A.  Transmission  oerfomar.ee  of  digital  networks 
Considering 

a)  that  some  parameters  for  the  transmission  performance  for  the  IBN  for 

telephony  have  already  been  established, 

b»  that  further  types  of  impairments  need  to  be  taken  into  account, 

c)  that  certain  impairment  causes  are  interdependent, 

h!  that  design  objectives  are  urgently  required  for  circuits  ar.d  systems. 

What  are  the  network  transmission  performance  and  equipment  design  objectives 
necessary  for  the  IBS,  the  ISDN  and  the  appropriate  evolution  towards  the  ISSN’  : 
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The  points  -listed  below  require  particular  attention  in  the  studies,  whereby 
account  should  be  takes  of  ail  likely  oedia  that  sight  be  utilized.  These  include 
radio  relay,  satellite,  setallic  and  optical  fibre  cables.  Close  collaboration  will 
be  required  with  other  CCITT  and  CCIR  study  groups. 

1,  What  amendments  or  additions  are  necessary  to  the  network  perforsar.ee 
objectives  for  errors  and  slips  as  reccsmsended  in  Heccasendations  G.S21  and  G.822 
respectively  1  (See  Annexes  1,  2  and  3  and  Question  3/XVTIl) 

2.  Which  additional  types  of  impairments  and  characteristics  should  be  studied, 
and  what  recosoer.wations  should  be  Bade  in  teres  of  network  transaission  performance 
objectives  (e.g.,  jitter,  wander,  short  interruptions  and  transaission  delay)  ? 

(See  Annex  **) 

Particular  attention  should  be  given  to  the  interdependence  of  certain 
performance  objectives. 

v.  Are  the  hypothetical  reference  connections  reccmaended  in  G.lOk  suitable  for 

the  study  of  network  transmission  performance  objectives  ?  What  amendments  or 
additions  are  necessary  ? 

Sote  :  They  should  be  brought  in  line  with  Recoaxnendation  G.103- 
Recommendation  X.92  for  data  networks  should  be  considered. 

How  should  the  overall  network  transaission  performance  objectives  be 
apportioned  to  the  individual  component  parts  making  up  the  connection?  ? 

5.  What  approach  should  be  adopted  in  converting  transmission  performance 

objectives  for  individual  items  into  equipment  design  objectives  and  cosaaissioning 

objectives  ?  (See  Annexes  5,  6  and  7). 


a.  Are  the  hypothetical  reference  digital  paths  defined  in  G.721  a  suitable  tool 

for  defining  the  transmission  performance  of  network  component  parts  and  the  systems 
design  objectives  :  What  amendments  are  required  ?  What  additional  HRDPs  should 
be  recommended  ? 


at  is  the  impact  of  digital  signal  processing  devices  (e.g.  digital  pads. 
Hers-  -needing  law  converters,  digital  speech  interrelation  devices. 


7.  What 

echo  controls. _ _  -  - - -  —  -  - 

on  network  transaission  performance,  and  what  is  their  dependence  cn  network 
transaission  performance  and  traffic  conditions  ?  What  guidelines  s..oula  be 
established  for  their  use  "  (See  Annex  8) 


etc. 


In  considering  the  introduction  of  digital  pads  and  other  digital  processes, 
particular* reference  should  be  made  to  Recommendation  U.121  as  amended  at  Geneva  ivcO 
and  Seco2Zser.dat  ion  G.l*»2  as  amended  at  Geneva  I960. 


Hotel 


,,u. c  x  .  Study  Grouc  XVI  are  studying  the  network  planning  rules  concerning  tne 
transmission  performance  effects  of  seme  of  the  above-mentioned  devices,  which  «iU 
used  in  mixed  analogue/digital  networks.  Account  should  be  taken  of  these  studies. 


Hote  £  :  buppi 


esent  Ho.  21  (Canada  :  BHR )  gives  values  for  quantising 


dist 


for  various  digital  processing  devices. 


A.  What  transmission  performance  parameters  should  be  defined  to  ensure 

appropriate  evolution  towards  the  ISGH  and  what  values  should  be  recommended  for 
each  parameter  “ 


Considering 

a)  that,  equipment  can  be  designed  to  measurable  performance  standards, 

b)  that  networks  can  be  implemented  tc  controllable  performance  standards, 

c)  that  there  is  an  optimum  balance  between  cost,  technology,  and  the  needs  and 
expectations  of  customers, 

d)  that  some  parameters  for  the  quality  of  service  for  the  IDS  for  telephony 
have  already  been  established, 

1.  What  are  the  call  processing  performance  and  design  objectives  for  the  IDU, 
the  ISDN,  and  the  appropriate  evolution  towards  the  ISnN  ? 

In  particular,  performance  parameters  and  their  values  should  be  defined  on 
an  overall  basis  (customer  to  customer)  and  values  apportioned  as  appropriate  to  nodes 
and  links  in  the  network,  such  as  call  set-up  delays ,  call  failures  caused  by 
congestion,  call  failures  caused  by  equipment  malfunction  and  loss  of  service 
(availability). 

2.  What  methods  should  be  used  to  measure  the  call  processing  performance  ? 

3.  Which  hypothetical  reference  models  should  be  used  for  call  processing 
performance  determination  ? 

Rote  :  The  study  of  this  Question  will  take  account  of  consideration  by  CCIR 
Study  Group  h  (see  Contribution  COM  XVIIX-No.  6). 


Annex  1 

(to  Question  9/XVIIl) 

Considerations  on  the  relationship  between  mean  bit 
error  ratio,  averaging  periods,  percentage  of  time 
and  percent  error  free  seconds 

(Contribution  by  Bell-Northern  Research } 

Recommendation  0.821  specifies  an  averaging  period  of  to  *  1  minute  to 
determine  mean  bit  error  ratio  (BER).  Simultaneously,  error  performance  is  also 
specified  in  term  of  %  error  free  seconds  (EFS).  Both  performance  objectives  are 
given  for  a  digital  connection  at  6U  kbit/s. 

This  Annex  offers  additional  considerations  regarding  the  relationship 
between  Mean  Ber's  with  varioua^averaging  periods,  percentage  of  time  that  the 
Mean  Ber  is  better  than  1  x  10~°  and  %  EFS.  The  calculations  are  made  on  the  basis 
of  an  assumed  Poisson  distribution  i "  bit  errors  on  a  kbit/s  digital  connection. 


com  xvi : 


The  relationship  between  the  long  tera  Mean  BER  and  X  EfS  can 
be  shorn  to  be 

t  EFS  -  100e'BE 

where 

e  -  base  of  natural  logarithm 

8  *  Bit  rate  In  blts/s 

E  *  Long  Tena  Mean  Error  Probability  (n  *  10‘x).  equivalent 
to  a  long  tena  Mean  BER  of  n  x  lOT* 

This  relationship  is  shown  in  Figure  1.  Long  tera  Mean  Error  Probability 
In  this  context  lilies  Bit  Errors  averaged  over  a  sufficiently  long  period 
to  yield  a  constant  BER. 

Becotssendation  G.821  specifics  in  Table  1  a  threshold  ret  veer,  acceptable 
degraded  performance  of  a  Mean  Her  «  1  *  lo  ”  averaged  over  To  ■  1  minute.  In  order 
aeet  this  criterion  on  a  6U  kbit/s  digital  connection  3  or  less  errors  crust  be 
counted.  For  randomly  (Poisson)  distributed  errors  the  probability  P  of  this 
occuring  is 


n  *  3 


P(n  <  3) 


(fjgjgl!! 

fl  * 


160  BE) 


where  n  *  maaber  of  errors. 

This  relationship  is  shown  as  curve  1  in  Figure  2. 
this  curve  the  following  can  be  deduced: 


If  fOr 

1  *  11 
4  x  II 


r  example  93*  of  on#  alnute  periods  has  to  weot  the 
Id*  Mmui  BER.  a  long  tore  Mean  BER  of  bettor  than 
Id*  would  be  required. 


b)  A  long  tore  Mom  BE*  of  1  *  10*  would  yield  only  46*  of 

the  one  el  nut*  periods  Meting  the  1  x  Id*  Mean  IE*  criterion. 

If  the  —asurwaant  period  To  Is  extended  to  5  Minutes  at  64  kbit/s. 

19  or  less  constitutes  the  acceptable  error  count,  equivalent  to  a  Mean  BE* 
of  1  *  Id*.  The  probability  of  this  occurring  is  shown  «s  curve  2  in  Figure  2. 
Again,  if  93*  of  five  Minute  periods  had  to  weet  this  criterion  a  long  tare 
Mean  BEK  of  <  7.2  M  1<P  would  be  required. 

Similarly,  for  a  MasureMent  period  To  of  Ih,  the  equivalent  values 


are  230  or  less  error  counts  and  i 
93*  of  Ih  periods  MMtlng  the  1  x 
as  curve  3  In  Figure  2. 


sureawnt  period  To  of  Ih,  the  equivalent  values 
nd  a  long  tare  Mean  BE*  of  <  9  x  107,  to  give 


Mean  BER  criterion.  This  is  sham 


Curves  1,  2  and  3  of  Figure  2  cai  be  used  to  relate  the  percentage 
of  tlwe  Tl  and  various  averaging  periods  To  with  a  Mian  BER  of  1  x  Id*  to 
the  long  ten*  Mean  BER.  By  using  Figure  1,  the  long  tan*  Mean  BER  can  then 
be  translated  Into  X  EFS. 


auon  distrilnitud) 


- 1(,  - 

COM  XVI I I -No.  1-F 


Annex  2 

(to  Question  9/XYIIl) 

An  approach  to  the  formulation  of  error  performance 
(Contribution  by  the  Federal  Republic  of  Germany) 

The  error  performance  requirements  outlined  in  the  following  are  based  on  the 
i-;ea  that  data  users  have  a  legitimate  interest  to  transmit  a  large  percentage  of 
data  blocks  without  bit  errors.  However  with  61000  bit/s  (or  1*8000  bit/s  -  the 
..•'ghest  data  rate  specified  in  Recommendation  X.l)  these  blocks  will  in  general  not 
have  a  duration  of  1  second.  In  other  words.,  the  request  to  have  95  %  error-free  data 
blocks  ( EFB )  is  entirely  appropriage  whereas  the  request  to  have  95  %  error- free 
seconds  appears  to  be  too  stringent. 

It  may  be  useful  to  consider  requirements  graded  in  accordance  with  the 
length  of  data  blocks  (or  more  generally,  of  intervals  of  certain  numbers  of  bits). 

About  five  interval  lengths,  for  instance  from  200  to  20000  bits,  might  be  suitable 
to  cover  the  actual  conditions  of  remote  data  processing. 

Assuming  Neyman's  "Type  A  contagious  distribution",  which  describes 
clustered  distributions,  symbols  n  *  number  of  bits  in  the  chosen  interval, 
p  *  long-term  mean  error  ratio,  m^  «  cluster  -  bit  ratio  (i.e.  relative  frequency 
of  error  events  per  stated  sanq>le  size  of  transmitted  bits),  and  m_  -  mean  number  of 
errors  per  cluster,  with  m^mg  =  np,  one  obtains  the  probability  of  an  interval 
containing  no  errors  as 


and  specif ically,  with  p 
ratio  of  <  10  5,  i.e,  < 
value 

PQ  -  99*95  %  for  200-bit  intervals 
Po  *  95.76  %  for  20000-bit  intervals. 

Based  on  the  above  reasoning,  it  is  proposed  to  consider,  as  an  alternative 
to  the  concept  of  "error  free  seconds",  the  approach  of  a  graded  system  of  requirements 
based  on  a  set  of  different  block  (or  interval)  lengths.  Using  this  approach,  it 
should  be  possible  to  reconcile  the  requirements  of  data  transmission  with  a  mean 
bit  error  ratio  of  5.10  6  (as  sufficient  for  telephony). 

Furthermore,  the  actual  distribution  of  bit  errors  (probably  characterized 
by  error  bursts,  or  clusters)  should  be  studied  before  finalizing  Recommendation  G.B21. 
Since  a  large  percentage  of  the  errors  will  be  allocated  to  the  subscriber  lines, 
results  of  error  measurements  on  such  lines  are  urgently  needed. 


Pn  *  exP  C~  r6  ( l-e-m2 )  / 

o  -  m_ 

*  5.10  6  (which  leads  to  >  90  %  of  minutes  with  a  bit  error 
38  errors  per  minute),  and  m 2  =  2,  i.e.  a  conservative 


(22) 
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Annex  3 

(to  Question  9/XVIIl) 

At  the  instigation  of  Study  Group  VII,  the  concept  of  error-free  seconds 
has  been  used  in  the  preparation  of  Recommendation  G.821.  It  was  pointed  out 

by  one  Administration  that  future  studies  in  Study  Group  VII  may  ahov  that  this  is 
not  the  most  appropriate  method  of  defining  the  performance  requirements  for  data 
and  other  non-voice  services. 


Annex  j* 

(to  Question  9/XVIII) 


Jitter  accumulation  on  digital  paths  and  jitter  performance 
of  the  components  of  digital  paths 

(Contribution  from  Federal  Republic  of  Germany) 


Summary 

In  the  present  contribution  two  models  of  digital  paths  are  considered. 
Starting  from  the  Jitter  characteristics  of  the  components  of  a  digital 
path,  the  jitter  accumulation  along  a  path  is  described  with  the  aid 
of  these  models. 

** 

It  is  shown  that  for  unrestricted  interconnection  at  international 
interconnection  points  jitter  characteristics  are  required  which 
are  not  necessary  in  national  networks. 

1.  Digital  path  models  for  Jitter  studies 

Studies  which  started  from  the  preliminary  considerations  of  the 
contribution  COM  XVlII-No.  69  resulted  in  two  models  of  digital  paths 
which  are  particularly  suitable  for  the  treatment  of  the  pending 
jitter  problems  and  applicable  to  all  hierarchical  bit  rates. 

i.l.  Digital  path  model  a) 

One  of  the  path  models  -  model  a)  of  Pig.  1  -  is  a  tandem  connection  of 
line  path  and  muldex  sections  which  alternate  systematically. 


source  line  path  muldex 

I  I  sect.  i 


sink 


Model  a) 


source)  line  path  | 


sink 


n  l  i  I  I  ~n 

— f— D>~  — 1> — - & — - C> — f~ 


Model  b) 


Figure  1  -  Digital-path  models  for  jitter  studies 


-  78  - 

COM  XVIII-No.  1-E 

The  fact  that  the  components  of  digital  paths  can  be  divided  into  two 
groups  with  basically  different  Jitter  behaviour  has  a  favourable 

consequence : 

-  PCM  multiplexers,  digital  multiplexers,  digital  demultiplexers,  and 
digital  exchanges  tolerating  relatively  high  input  Jitter, but  causing 
low  output  Jitter; 

-  line  paths  (i.e.  line  paths  on  cables  or  other  media)  tolerating 
low  input  Jitter,  generating  inherent  Jitter  and,  therefore,  producing 
relatively  high  output  Jitter. 

Model  a)  is  sufficient  for  the  description  of  the  conditions  in  a  future 
digital  network  of  the  Deutsche  Bundespost.  The  same  is  also  expected  for 
nany  other  national  networks. 

1.2.  Digital  pathjnodelb) 

At  international  interconnection  points,  it  should  be  possible  to  inter¬ 
connect  without  restrictions  sections  of  the  same  hierarchical  bit  rate  via 
the  internationally  specified  interfaces.  This  means,  a  direct  interconnec¬ 
tion  of  line  paths  with  respect  to  Jitter  must  be  possible  as  worst  case. 
Therefore  model  b)  of  Fig.  1,  where  the  digital  path  is  exclusively  built 
of  line  paths,  represents  -  in  addition  to  model  a)  -  an  adequate  model 
for  international  interconnection  in  Jitter  studies. 

2.  Jitter  accumulation  on  a  digital  path 

With  given  output  Jitter  in  the  absence  of  input  Jitter  and  given  Jitter 
transfer  function,  the  shape  of  Jitter  along  a  digital  path  can  be  de¬ 
termined. 

The  lower  limit  of  the  maximum  tolerable  sinusoidal  input  Jitter  of  a 
path  must  be  situated  with  a  clearance  above  the  largest  expected  output 
Jitter  of  the  preceding  line  path. 

In  the  following,  the  Jitter  increase  along  the  path  is  represented  for 
the  path  models  as  per  1 .  The  response  has  been  determined  by  calculation 
and  by  measurements.  The  results  are  illustrated  in  general  form,  inde¬ 
pendent  of  the  bit  rate. 

2.1.  Model  a) 

In  Fig.  2,  the  output  Jitter  of  a  muldex  section  and  of  a  line  path  from 
model  a)  is  represented  without  input  Jitter.  Fig.  3  represents  the 
associated  Jitter-transfer  functions. 


(22) 


line  path 


muldex 


frequency  — «►  frequency 

Figure  3  -  Jitter-transfer  function  of  a  line  path  and  a  muldex  section 

Figure  1*  shows  the  amplitude  of  phase  jitter  along  a  path  in  accordance 
with  model  a) 
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Source:  Pseudo-random  pattern 

Output  jitter:  Measured  via  high-pass  filter  with  variable  cut-off 
frequency  f 

Input  jitter  according  to  Rec.  G.  703 
(shown  for  comparison) 

Output  jitter  of  the  source 

Output  jitter  of  the  first  line  path,  corresponding  to 
the  output  jitter  of  a  line  path  without  input  jitter 

Reduction  of  the  input  jitter  due  to  the  first  muldex 
section 

Output  jitter  of  the  second  line  path,  (Due  to  jitter 
accumulation  below  cut  off  frequency  fc»  the  values  are 
slightly  higher  than  the  ones  obtained  for  line  path 
without  input  jitter 

Reduction  of  input  jitter  due  to  the  second  muldex 
section 

Output  jitter  of  the  third  line  path 

In  the  case  of  paths  with  more  sections  than  in  model  a),  the  jitter 
values  would  increase,  although  slightly. 

2.2.  Model_b| 

In  model  b)  three  line  paths  are  connected  in  tandem.  Fig.  3  shows  that, 
for  the  same  line  path  as  in  model  a),  the  output  jitter  amplitude  will 
rise  as  in  Fig.  A.  It  can  be  seen  that  the  output  jitter  amplitude  of 
the  last  line  path  in  transmitting  direction  increases  permanently  with 
the  number  of  line  paths  ahead. 


© 

© 

© 


© 

© 


MUC*  © 


Q 

I 


t1 


Q  ©  Sii* 


-  81  - 

COM  XVIII-Ilo.  1-E 


Input  jitter  according  to  Rec.  G.703  (shown  for  comparison) 

Output  jitter  of  the  source 

Output  Jitter  of  the  first  line  path  (identical  (D  in  Fig.  4) 

Output  jitter  of  the  second  line  path 

Output  jitter  of  the  third  line  path 

In  order  to  control  Jitter  accumulation  over  the  entire  path  according 
to  model  b),  jitter  reducing  means  are  necessary  within  the  second  and 
within  all  following  sections  of  the  path.  The  reducing  means  can  be 
considered  a  replacement  for  the  jitter  reducing  effect  of  the  de¬ 
multiplexer  in  model  a).  Consequently,  the-  jitter-transfer  function 
(Fig.  6)  describes  the  muldex  -  line  path.  -  cascade.  It  is  the  product 
of  the  jitter  transfer  function  of  the  components  muldex  and  line  path 
(Fig.  3)  from  model  a). 


a 

0 

0 

0 

© 


Figure  6  -  Jitter  transfer  function  of  a  line  path  in  model  b) 


Additional  means  for  jitter  reduction  are  not  necessary  if  the  output 
jitter  of  a  line  path  without  input  jitter  is  already  substantially  below 
the  maximum  tolerable  value. 

The  necessity  of  specifying  the  jitter  transfer  function  of  a  line  path 
is  the  consequence  of  unrestricted  interconnection  at  international 
interconnection  points. 

Fig.  7  shows  the  shape  of  the  jitter  amplitude  along  a  path  according 
to  model  b). 


Jitteromplitucte 
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03  (0  0 


souft*  ©  ©  ©  ©  sink 


Figure  7  -  Output  jitter  ir.  model  b) 


Source: 

Output  Jitter: 


0 

0 


Pseudo-random  pattern 

Measured  via  high  pass  filter  with  variable  cut-off 
frequency  f 

Input  Jitter  according  to  Rec.  G.703  (shown  for 
comparison) 

Output  Jitter  of  the  source 


© 

0 


Output  Jitter  of  the  first  line  path  (Identical  (2)  in 
Pig.  4) 

Output  Jitter  of  the  second  line  path 


© 


Output  Jitter  of  the  third  line  path. 


In  paths  with  more  than  three  line  paths,  the  Jitter  amplitude  increases 
at  the  end  of  the  path  but  slightly  because  of  the  Jitter-reducing  effect 
of  the  maximum  tolerable  Jitter  transfer  function  of  the  line  path. 


3*.  Jitter  specifications 

It  has  been  shown  in  chapter  2  that  the  components  of  a  digital  path  are 
completely  characterized  by 

—  tolerable  sinusoidal  input  Jitter 

(more  exactly:  lower  limit  of  maximum  tolerable  input  Jitter) 


. PIN . . . . I . I . . . . . I|ipi]|| 
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-  maximum  output  jitter  in  the  absence  of  input  jitter,  measured  as  peak 
to-peak  value  with  a  high-pass  filter 

-  jitter  transfer  function,  measured  as  jitter  gain  with  sinusoidal  input 
jitter. 

"rn  Fig.  2  to  7  the  boundaries  for  jitter  behaviour  (dash  dotted  lines) 
a.e  drawn  in  accordance  with  calculations  and  measurements  of  tolerable 
jitter  responses. 


Annex 

(to  Question  9/XYIII! 


State  of  CCITT  studies  regarding  equipment  design  objectives,  in  respect  to 
error  performance,  for  digital  transmission  system  on  cables 


Introduction 


■quiptiBt  design  Objectives  for  digital  tranwiaeion  «  oablaa  (balanoed 

pair,  oo axial  pair  (mi,  optioal  fibre)  ara  apaoifiad  in  iao  0.911-918  and  0,921-922, 
alrrwf  lilt  a  at  work  jarfnnma  objectives  for  digital  lisa  sections  at  tha 
sofTsapondlag  Pit  rataa. 


00 HT  etudiea  have  sot  pat  advanoed  to  tha  atafa  that  tha  olauase  of  thoaa 
raaaaMBdatioaa  whiah  ara  to  ralsta  to  arror  perform  anas  aa  ha  oanpUted. 


tha  parpoaa  of  thia  wasx  ia  to  present  tha  aartm*  statu  of  thus  studies  ao  as 
to  proviso  designers  of  sable  digital  trananiaaioa  ^at  with  interin  ewidanoe 
puling  tha  eonpletion,  la  rasps  at  of  arror  porfonuaaa,  «f  tha  awtienud 


Felationshir  to  network  nerforr.ar.ee  objectives 


tha  aatwork  arror  perforwanos  objaetivaa  for  the  integrated  sarvioaa  digital 
network  (IBS)  ara  atatod  la  Iao#  g.821  (frror  performance  of  m  international 
digital  ooaaaotiea  foraing  part  of  an  Integrated  sarvioaa  digital  utwork),  thoaa 
objectives  taka  aooount  of  all  errors,  bowavar  caused,  liable  to  ooaur  la  a  digital 
network.  lguijmaat  dsaiga  objaetivaa  for  digital  traupliflpa  hava  to  ha 
eonpctlble  with  tha  utwark  objaetivaa  of  Iao.  G.821 

Moat  arrora  in  a  digital  aatwork  art  attributable  to  interfering  influanoeo  suob  aa 
lightning  atrliaa,  induction  fro  a  alaetrlcity  supply  or  traation  syatsae  or  parallel 
truulaaion  gfataas,  nan-made  lie  turban  os  a,  ate.  Iqulfsct  design  objaetivaa 
for  digital  tranuiaaioa  Qilas  should  ensure  a  degree  of  provision  In  the  afstu 
design  to  alnimise  tha  effects  of  an  oh  interferences.  This  ia  a  subject  of  study 
within  aw  Q.  12/IT.  Until  auoh  tine  aa  tha  import  ant  arror-oaualng  intarfaring 
factors  oan  ha  taken  Into  aooouat  in  tha  definition  of  tha  anvironmontal  ooaditlou 
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forming  part  of  the  equipment  design  objective*  system  daaignara  nead  to  allow 
generous  margins  in  raapaot  of  thee.  This  is  dent  within  both  of  tha  design 
spproaohas  daaaribad  hereafter. 


However,  it  should  be  obaarrad  that  radio  ralajr  syatans  and  satallita  systems  will 
ba  aubjacrt  to  different  error  charaotariatioe  than  those  inoorrad  by  metallic  oabla 

qritaa. 

3  Aval lable  equipment  design  objective  approaches 


TWo  distinct  spproaohas  to  tha  error  performance  aa pacts  of  digital  transmission 
ay  at  am  design  have  bean  identified!- 

-  Tha  error  performance  of  a  hypothetical  rafaranoa  digital  path  of 
defined  length  and  constitution  is  spaoifiadf  this  aarvea  as  a  guide 
to  tha  design  of  all  eqoijmant  itnaa  involved  in  tha  hypothetical 
rafaranoa  digital  path*  This  approach  is  walogoua  with  that  wloptad  for 
a  pacifying  tha  noise  psrforaaio#  of  anal  ague  transnisaian  qystena. 


The  quality  of  re  pesters  used  in  a  tranmaiesiaa  ayst« 
aeaenrod  in  teams  of  "rspsatar  margin". 


ie  apeoiflid  and 


Joth  appro  so  has  involve  the  definition  of  amriroimantal  oonditiona.  Si  either  oaaa 
it  is  lnpr act  1  oabla,  for  the  preeart,  to  inolode  the  amvirammeatal  factors 
considered  in  2  above. 


Although  baaad  on  different  philosophies  it  is  not  to  ha  assumed  that  either 
approaoh  naoaasarlly  axolndaa  tha  other.  The  final  omtoame  of  0C1TT  atndies  nay 
wall  ho  olanaoe  on  error  perfoamaaoe  equips  art  design  objectives  in  which  the 
two  approaches  oamplemeat  each  other. 

The  two  approaohee  are  oonaidarad  separately  and  in  detail  in  Sections  4  and  5 
respectively. 

4  Definition  cf  error  perforr.ar.cfc  ecuipnent  cesipr.  objective , 

specified  ir.  relation  to  a  hynot hetical  reference  di p:~.al  rath 

4.1  leo.  G. £21  empresses  the  overall  ohjootive  tor  tha  error  parfoimanoa  of  the 
digital  network,  is  a  25000  km  hypothetical  refmamt  digital  path  of  64  kbit/a 

in  tana  of  the  par  sent  ages  oft 


-  error  free 


(data  roquirnamt) 


-  minutes  having  a  bit  error  ratio  hotter  than  a 
threshold  vales  (the  tolepboqr  requirement) . 

Clearly,  eqaigmnt  design  objectives  for  digital  line  ayvtens  have  to  be 
oonslstant  with  these  overall  network  objeotivee?  two  important  adeptetlons 
ere  considered  aoooseasy. 


Firstly,  the  equipment  design  objective  for  digital  line  systems  is  best 
ezpreased  as  a  "long  term  mean  bit  error  ratio",  dyatea  design era  invariably 
start  with  an  objective  for  thia.  They  then  design  regenerators  eto  taking 
aooomnt  of  the  known  inpainmts  euob  as  the  diminishing  of  eye  opwingi, 
moles,  crosstalk,  level  inaoouracies  eto. 


%  i-- 


Secondly .  there  need*  to  be  a  nergin  for  the  errore  due  to  unknown  haaarde 
outside  the  control  of  the  designer,  eg  unquant if isble  interferenoee  froa 
external  eouroea,  so  that  the  overall  result  is  acceptable. 

4.2  Annex  6  to  £.  (.Vtri :r*~  vers; or  t:  T.. 

Vo  369)  suggests  that  network  objectives  expressed  as  in  .-ec''rrenrt.t;~"  •  -- 
with  aooeptable  aoouracy,  be  alternatively  expressed  in  various  oaibinations 

ofl— 

_  a  long  tore  a esc  bit  error  ratio 

-  a  clustering  index  (i*  assn  error*  per  duster ) . 

It  seeas  net  possible,  as  yet,  to  a eke  a  fine  Judgement  aa  to  the  degree  of 
clustering  which  will  be  exhibited  iy  digital  networks.  At  the  eaae  the*, 
several  contributions  have  indicated  that  it  is  safe  to  aaeuae,  for 
networks  based  on  cable  aystaas,  at  least  a  aodest  level  of  clustering. 
far  a  long  tsia  assn  error  ratio  of  5.10-6  the  paroentag*  of  error  free 
seconds  can  be  expected  to  exceed  9(£  for  values  of  dust  wring  index 
greater  than  3  and  the  per  cart  age  of  ainutes  of  error  ratio  better  then 
10-5 •  to  exceed  901  for  values  of  clustering  index  lees  than  10. 

g  long  tern  asan  error  ratio  of  5*10*^  would  seen  to  be  a  reasonable 
aesaaption  for  the  total  errors,  over  25000  kn,  to  nhloh  eqaijaent 
design  objectives  sight  be  related.  This  value  is  not  aeoeesarily 
appropriate  for  digital  gystens  other  than  those  aslag  oahla. 

4.3  A  good  proportion  of  the  errors  in  a  25000  lot  64  blt/s  connection 
will  be  the  results  of  external  interfering  factors,  pretention  against 
which  is  beet  provided  hr  each  aeesuree  ee  screening  of  the  oeble  end 
repeaters,  high  low-frequency  out  off  in  the  repeater  mplifiar,  etc. 

It  is  a  aatter  for  future  atudy  to  establish,  within  the  coops  of  the 
equipment  design  objeotivee,  appropriate  standards  for  nah  aspects  of 
digital  trananiesicn  grata  design. 

Pending  the  cutocae  of  each  studies,  it  is  suggested  to  silos  for  external 
iaterfvenoee  by  neons  of  a  generous  margin  between  the  design  objective 
specified  for  tbs  error  performance  of  a  hypothetical  reference  digital 
path,  ftnetionlag  in  an  interferenoe-free  lift,  end  the  proportional 
alio  oat  ion  to  that  path  of  the  network  parforaanea  objootive  for  the 
25000  la  hypothetical  reference  connection.  As  a  previaional  eolation, 
subject  to  revision  in  the  light  of  further  results  of  error  seesurwant 
progrannes  8dh  of  tho  total  aooeptable  erroro  eight  bo  appropriated  for 
ouoh  aergin. 

This  leads  to  a  long  tom  neon  bit-error  ratio  of  1.10*^  aa  aa  appropriate 
objootive  for  a  25000  kn  hypothetical  reference  oonaoetlon  oaapoeed,  in  all 
itn  links,  of  digital  line  aye  t  me  on  osble  and  operating  free  of  asternal 
interferaeioea. 


The  following  table  ehowe  how  thi*  hit  error  ratio  night  be  alloosted  to  the 
sain  eaMivlBiaan  of  the  total  hypothstioal  refer  ana*  anmeirtion. 


•  The  value  prsemtly  proposed  in  Bee.  G.021  is  1.  ICT*. 


maximal  lensrth  hypothetical  reference  connection 


feantltj 


ooaxial  oable  (land 


optics*!  fibra 


-  ki«k  rate 

-  primary  oaatra  to 


25000  ka 

25 

1500  ha  ") 

(750  te  aaoh  / 

1 

1 

rri 

lot  apemfied 

Total  66 

latHBCtiOBlI 

■attorn! 

a*  aaltiplaxiaff  aquij 


Poalnal  !y  aero 


Total  51 


The  objeotive  orror  parfonunoa  for  thoaa  hypothetical  rafaraaoe 
digital  pet  he  of  Boo.  0.721  appropriate  for  digital  lisa  yitaa 
providing  latenaticnal  high  rata  liaa  linka  eight  that  be  derived 
aa  fbUomi- 


Digital  liaa  aysrt 


Hypothetical 
raftraDoa  digital 
path 


0.916  n 
0.918  n 


Capaoitr 

(*blt/a) 


34  368 
139  264 


l*o 

0.  ?21 


Length 

0-) 


arrar  ratio 
daeigE  objective 
(«hl  aUarnao* 


far  anltiplarara) 


Coax,  pair 
Coax,  pair 


3 

2500 

2.5  .  10"8 

4 

2500 

2.5  •  NT8 

Objeotives  for  systems  providing  nation*!  links  *57  be  derive  similarly,  taking 
into  account  the  global  allocation  and  the  constitution  of  the  nlirat  HR  tip. 


init'or.  o!  9rror  orrr.snc^  ^cuz.rr'.^n^  c^si" 


5.1  General  observations 


In  order  to  a  pacify  and  svalnate  repeat  ere,  volt  ipl  axes,  and  actual  or 
hypothetical  ooaMnationa  of  these  (as,  for  exaple,  in  a  hypothetical 
reference  cirouit)  it  is  necessary  to  adopt  a  assures  of  performance.  for 
analog  equipment,  noise  power  haa  be«  the  principal  aaaaura  employed. 

In  the  digital  reala,  thsre  haa  been  a  tmdancy  to  use  error  ratio  for  this  purpose 

Error  ratioJLs  far  froa  an  exact  analocy  to  noise  power,  however.  For  example 

note  that  an  analog  repsatar  or  multiplex  typical Ijr  injecte  a  fairly  constant 
noise  power,  which  is  close  to  the  design  value.  A  digital  repsatar  or 
Multiplex,  bow ever,  typically  operates  at  a«o  error  ratio,  and  shea  it  aakas  an 
error  these  are  usually  at  a  nuch  higher  rata  than  whatwrsr  design  rata  nay 
have  beat  specified,  and  are  indeed  oft  an  a  result  of  disturbanoas  not 
related  to  the  baeio  sywt«  paranatcra.  Aa  a  octiaeqnanos,  error  ratio  bee 
aevaral  drawbacks  aa  a  aaaaura.  Sane  of  these  erst- 

—  System  components  elnort  never  operate  near  their  design  error  ratios* 

—  Bror  ratio  of  a  aultiplsx  is  an  alnoet  naaninglaaa  oonoept.  Koept 
in  oaaa  of  failure,  Multiplexes  should  operate  error  free. 

-  Irror ratio  ie  a  very  poor  neasnro  of  repeat ar  parfoxaanoe.  Observed 
axrors  in  a  properly  designed  ad  operated  repeater  are  aost  likely 
a  result  of  ale ertrewagnat i 0  or  other  disturbances  unrelated  to  the 
repeater. 

—  the  allocation  of  error r« tics  to  the  several  aegaente  of  a  ocaplete 
oonnaotion  hears  little  relation  to  situations  observed  in  practise. 
Typioally  at  any  tin#  when  the  error  ret  to  of  a  real  oonnaotion  is 
significant,  the  errorratios  on  ell  e absents  aroept  one  are  n^ligibls. 


It  is  interesting  to  not#  that  noise  power  ee  a  1 
analog  uyataw  shares  none  of  those  drawbacks. 


of  perforaaaoe  in 


An  a  oonaaquenoa  of  theaa  oonaidoationa  g.821  exprs,  as  the  objsotive  for  a 
hypothetical  digital  oonnaotion  in  tans  not  of  error  rate,  but  in  %  of 

interval  (one  eeooad  end  one  minute)  which  have  srrere  in  axowaa  of  a  stated 


5*2  Fenev  or  r.amr. 

In  analog  gystnu,  the  aaae  aeeaure,  noise  power,  seed  in  evaluatii^ 
oonnaotion*  is  also  a  good  noaaure  of  repsatar  quality  and  ia  often  used  aa  an 
objsotive.  In  digital  qyetais  neither  error  ratio, nor  either  of  the  measures 
of  0.821  bear  nuoh  relation  to  repsatar  quality.  Km  aeeaure  suggested  for  this 
purpose  ie  nargin  ( expressed  in  dB)  against  a  10-7  error  probability.  The 
margin  that  increase  in  tbs  dcainant  interference  (such  aa  t hemal  solas  or 
cptestalk)  froa  its  noainal  cr  actual  value  which  produoes  a  10**7  error 
probability.  This  of  course  requires  careful  definition  end  seas  contributions 
have  addressed  this  issue.  Regardless  of  exact  definition,  however,  the  crucial 
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point  is  that  ths  repester  is  s pacified  sod  ■  assured  under  oonditions  excluding 
any  uncontrolled  interference  (such  as  lightning)  so  that  repeater  error 
statistics  are  in  fact  well  represented  by  Poisson  arrivals  end  so  error  prot^ 
ability  is  coeplete  description  of  the  anror  perforaanoe.  This  is  in  sharp 
ooixtrast  with  a  typical  repeater  installed  in  the  field. 


The  ohoioe  of  10 is  not  crucial  -  but  is  probably  quits  reasonable  for 
higher  speed  systems.  10*°  si^fat  be  sore  appropriate  for  repeater#  in  the 
1.3-2  Mbit/a  range,  so  that  nsasuraent  intervals  of  ths  order  of  a  few 
seconds  oaa  he  used. 

To  illustrate  the  utility  of  this  a  assure,  consider  e  100  Kbit/s  ooax  repeater 
with  ear  gin  of  5  4B  against  10**T  error  probability. 

divan  a. repeater  in  the  lab  or  in  the  field*  there  is  no  difficulty  in 
ness luring  its  psrfomanoe  (by  adding  noise  for  ezespla)  as  the  added  noise 
oan  readily  he  adjusted  until  10**7  (at  100  Mbit/e  *  10  errors/eeeood  }  la 
obtained.  (Actually  the  ■  assures  it  cf  error  probability  la  not  critical* 
ee  an  ardtr  of  magnitude  variation  corresponds  to  caly  shout  0.3  dB  of 
aergin).  The  margin  against  10 TV  error  probability  is  also  s  reasonable 
criterion  for  s  designer  to  consider,  and  a  odnvenlant  quantity  to  mas  In 
production  tasting. 

It  sight  be  thou^t  that  the  repeater  could  he  specified  by  its  experienced, 
error  probability  (with  no  additional  noise)  -  but  this  would  be  shout  10“  , 
oo  lev  as  to  ho  oospletely  nnmsiirsbls 

is  s  tentative  design  objective,  a  repeater  margin  ef  the  ordv  of  5  dB 
against  1.10*7  to  10  dB  against  1.1<T®  eight  indeed  he  reasonable  for 
repeat  era  above  3  Kbit/s.  Is  ths  1-3  Kbit/s  rm^m,  this  oould  he  against 
10“°  error  probability. 

These  values  are  probably  not  grossly  unreasonable  but  they  are  not  directly 
obtained  free  the  network  psrfomanoe  objectives.  The  relatimehip  siwie 
he  ths  subject  of  further  study. 

CoBgaissioning  objectives 

6.1  Checks  of  systg*  error  Tierfonaanct. 


Both  the  approeohao  above  relate  to  parfbnunoa  in  an  intsrfsrenos-frss 
enrlrosnsnt.  Xt  follows  that  whan  ths  perfamenoe  of  m  installed  gputsu 
is  amMtred  with  a  view  to  aka eking  whether  a  objective  is  net 

prsosatiens  ere  neaeeeay  to  identify  errors  attributable  to  the  environment. 

This  is  neoeseurily  lan  than  an  exact  procadnre*  and  primary  relianoe  should 
he  plaoed  on  verification  that  the  exponents  a  eat  their  design  objectives. 

Periods  during  whiak  errors  ooaur  einultsueausly  with  observed  potantlal 
iatarfaranoes  should  olsarly  be  discounted. 

Considarution  of  ths  distribution  of  uassurad  errors  nay  justify  the  discount^ 
of  isolated  bursts,  eves  whm  it  has  not  been  pooaiblu  positively  to  idwtify 


Equipment  daaign  objectivaa  are  applicable  only  to  qywtaea  in  good  working  order. 

It  follows  that  errors  omitert  bT  faults  have  to  be  discounted;  however,  the  overall 
lnoideooe  of  interruptiona  due  to  faults  la  properly  subject  to  raorme andstlons 
oueoernad  with  equipment  reliability. 

Soae  errors  say  result  froa  opponents  failing  intereittwrtly  or  undergoing 
ohangee  with  respect  to  their  operating  oharaoteristios.  Such  sight 
justifiably  ba  attributed  to  equipeeixt  design  rather  than  reliability  failure. 

A  aatiefaotozy  test  on  ocesiasioning  objectives  for  error  perfcrrsecce  taking 
all  these  aspects  into  aooouut,  oan  be  drafted  only  after  further  ttudy  end 
ezperiecoe. 

Annex  6 

(to  Question  9/XVIII } 

Error  performance  objectives  for  integrated  services  digital  networks  (1SHI) 
.(Contribution  by  the  International  Telephone  and  Telegraph  Corporation} 


1.  introduction 

the  digital  connections  sot  up  by  an  integrate  service* 
digital  network,  noraully  of  C«  kb it/a,  an  envisaged  to  ba 
usad  for  different  purposes,  speech,  data,  facsimilo,  ate. 
these  us eggs  dif far  ia  tbsir  sensitivities  to  azzozm  introduced 
into  owmactlcna  by  tba  aatworfc,  both  aa  ragarda  tba  auabara  of 
arrora  and  chair  distribution.  Tor  this  reason  tba  error 
parforaanos  raquirsnanta  of  tba  ISOM  axa  being  formulated  in 
tarns  of  naan  error  ratloa  and  intagrating  pariods  which  era 
particular  to  aach  uaa ga.  Tor  data  tba  object! vu  is  eapreaaed 
in  error- fra*  seconds i  for  talaphony  by  asuns  of  ninutaa  hawing 
battar  than  a  threshold  error  ratio.  Other  envisaged  XT  DM 
usages ,  facsimile,  picture  phone,  ate.  asy  require  tba  foonUr 
tlon  of  raqnl  r— ants  stressed  in  yet  other  ways. 

Iba  C4  kbit/s  connections  of  the  ISOM  should,  of  course,  base 
an  error  performance  which  is  at  once  acceptable  for  all  WM 
services.  To  this  and  it  is  desirable  that  tba  aaparataly 
asprasssd  objactivaa  ba  oospatlble  ia  that  they  one  fora  to  a 
single  required  quality  of  transmission. 

tba  objective  of  this  contribution  ia  to  praaant  a  means  of 
defining  error  parforaanos  which  at  oan 

•  takes  account  of  tba  ways  arrora  are  distributed 
in  practice 

-  la  oonvaniantly  convertible  into  forms  which 
are  meaningful  Cor  different  IRS  usages 

•  provides  a  basis  of  coeparlson  of  the  levels  of 
digital  transmission  quality  iaplisd  by  usage* 
oriented  performance  objactivaa. 


|lllnjlili;li m******  I'm  *'«’ «  “ 
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2.  Aas»"«pfclons  relevant  to  error  distribution 

£*rly  studies  of  digital  network  error  performance  generally 
assumed  a  conatant  bit  error  probability,  ita  value  being 
approximated  by  tbe  long  term  mean  error  ratio,  a  readily 
measurable  quantity.  The  mathematics  of  the  resultant  error 
distributions  was  available  -  the  Poisson  distribution. 

The  percentages  of  integrating  periods,  seconds,  minutes, 

5-minutes  or  whatever,  during  which  specified  error  ratios, 
choices  exercised  according  to  the  particular  ISDN  service  being 
considered,  might  be  exceeded  were  calculable  from  the 
long  term  mean  error  ratio. 

In  the  event  measurements  of  realized  error  performance  have 
denonetrated  that  errors,  in  practice,  occur  in  clusters,  so 
invalidating  the  assumption  of  a  constant  bit  error  probability 
and  derivations  based  on  Poisson  theory. 

We  suggest  that  the  following  alternative  basic  assumptions 
accord  reasonably  wall  with  the  actual  behaviour  of  real  networks, 
so  far  as  they  have  been  observed  ; 


The  probability  per  bit  that  an  error  cluster  will 
begin  is  constant  and  is  approximated  by  the  long 
term  mean  ratio  of  cluster  rats  to  bit  rate 


-  The  numbers  of  errors  in  clusters  themselvea  follow 
a  Poisson  distribution. 

The  mathematics  of  such  error  distributions,  although  rather  more 
coaplax  than'  the  simple  Poisson  distribution,  is  already  available 
and  proadses  to  satisfy  the  objectives  put  forward  in  the 
introduction  above. 


A  Contagious  Distribution  (see  ref.) 


Such  a  distribution,  derived  from  the  foregoing  stated  assumptions, 
is  defined  by  tiro  parameters! 

-  the  cluster-bit  ratio  (mi)  expressed  as  the  mean 
number  of  clusters  per  stated  sample  size  of 
transadtted  bits 

«  the  seen  number  of  errors  per  cluster  (mj) . 

The  probability  of  encountering  exactly  “r“  errors  in  a  sample 
is  given  by: 


_  m,i  .  -m  )  1 1 

Pr  = - *  *  Si  =0 

r  I  l 


wt>ev  i«m,a 


(22) 
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■the  special  cms  of  the  probability  of  a  sample  containing  no 
•rrors  is  giv«n  byt 


Po*mp  |  -m,  ii  •  eHnifl 


Th«  aian  of  tha  distribution  is  mi. m2:  this  is  squal  to-n.p, 
whars  n  is  tha  numbar  of  bits  in  tha  choaan  sample,  64  kbits 
possibly,  and  p  tha  long-tarn  naan  arror  ratio. 

Tha  variance  of  tha  distribution  is  mim2(l  *  »2>* 

Zt  is  to  be  noted  that  as  m2  -  0  so  do  tha  am  an  and  tha  variance 
of  tha  distribution  approach  equality,  tha  characteristic  of 
tha  sisfile  Poisson  distribution. 

Also  noteworthy  is  tha  fact  that  clusters  ar*  characterized 
only  by  tha  numbers  of  errors  they  contain# 


For  64  kbit/s  transmission,  long  tarn  naan  arror  ratios  of  10”5, 
5.10*®,  3.10*®  and  1. 10* 6  and  naan  values  of  errors  par  cluster 
of  from  1-1000  we  have  calculated  tha  forecast  percentages, 
according  to  the  foregoing  mathematics ,  oft 

-  error  free  seconds  (Fig. 1) 

-  minutes  during  which  the  error  ratio  is  better 
than  10*5  (Fig.2) 

-  minutes  during  which  the  error  ratio  is  better  than 
10T«  (Pig.  3). 

The  ranges  of  values  taken  into  account  are  those  appropriate 
to  be  considered  in  relation  to  performance  objectives  for  a 
25,000  km  hypothetical  reference  digital  connection,  the  subject 
of  Rac.  g.821  (Error  performance  on  an  international 

digital  connection) . 
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Figure  1  -  The  variation  with  degree  of  clustering  of  the  percentage  of  seconds 
of  6U  kbit/s  transmission  which  are  error-free  for  different  values 
of  long  term  mean  error  ratio  (p) 


Figure  2  -  The  variation  with  degree  of  clustering  of  the  percentage  of  minutes 
of  61*  kbit/s  transmission  having  an  error  ratio  less  than  10  5  for 
different  values  of  long-term  mean  error  ratio  (p 5 
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Figure  1  confirms  the  frequently  observed  effect  of  error  cluster¬ 
ing  that  performance  expressed  in  terms .of  error  free  seconds  is 
significantly  better  than  mould  be  expected  from  a  measured  long 
term  mean  error  ratio  and  an  assumed  Poisson  distribution  of 
errors. 

The  particular  long  term  mean  error  ratio  which  would  satisfy  a 
95%  error  free  seconds  objective  depends  on  the  degree  of 
clustering.  K  long  term  error  ratio  of  10”5  would  suffice  given 
a  degree  of  clustering  as  high  as  is  represented  by  an  errors 
per  cluster  value  of  12.5. 

Otherwise,  tne  necessity  of  a  superior  long  term  mean  error  rate 
is  indicated. 


Error  oerformance  objective  for  teleohon 


Figure  2  demonstrates  an  effect  of  error  clustering  which  seems 
not  to  have  been  so  well  anticipated  as  that  referred  to  in  3. 
above  but  is  quite  explicable,  nevertheless.  If  the  significant 
Integrating  duration  is  one-minute  and  the  acceptability  criterion 
is  an  error  ratio,  over  the  minute,  of  10'5,  error  clustering  up 
to  a  mean  value  of  errors  per  cluster  of  about  50  actually 
reduces  the  percentage  of  acceptable  minutes  for  a  given  long 
term  mean  error  ratio.  For  values  of  mean  errors  per  cluster 
greater  than  50  the  percentage  of  acceptable  minutes  increases 
progressively. 

The  same  effect  is  not  so  evident  for  a  one-minute  threshold  of 
error  ratio  10~6  (see  Fig.  3) .  The  maximum  acceptable  number  of 
errors  per  minute  in  this  case  is  only  three  so  the  curves  have 
shapes  rather  similar  to  those  for  error  free  seconds  (Fig.  1). 
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6.  gMd  for  field  measurements  of  error  ratios  and  dlatrlbutloi  = 

A  major  difficulty  associated  with  the  formulation,  at  the  present 
time,  of  error  performance  objectives  for  the  ISON  is  the  scarcity 
of  measurements  of  the  error  performance  of  working  systems. 

Such  data  are  essential  if  the  objectives  set  are  to  be  realistic. 

During  the  1977-80  study  period  to  date  the  only  measurements 
contributed  to  Study  Group  XVIII,  to  our  knowledge,  were  those 
by  Prance  (COM  XVIII  -Nos.  28  and  278)  and  Switzerland  (COM  XVIII 
-  No.  208);  these  were  necessarily  limited  in  scope  to  relatively 
short  distance  transmission  systems  but,  even  so,  have  been 
extremely  useful.  It  is  desirable  that  the  reply  to  Q.  1/XVXII 
for  1977-80  and  the  texts  of  new  questions  Set  for  1981-84 
eaqphasiza  the  importance  of  new  information  derived  from  field 
measurements. 

Rile  contribution  confirms  the  need  to  measure  data  which  are 
indicative  of  the  distribution,  or  clustering,  of  errors  as  well 
as  the  overall  ratio  of  errors  to  bits  transmitted.  This  might 
be  done  in  various  ways. 

the  Swiss  contribution  COM  XVXII-No.  208  analyses  the  total 
duration  of  a  2048  kbit/s  transmission  into  the  elemental  periods, 
seconds  or  minutes,  containing  different  ntmbers  of  errors, 
including  zero.  Hie  transmission  rate  and  the  length  and  type 
of  oonnectlon  have  to  be  stated,  of  course.  The  French 
contribution  CON  XVIII-No.  278  describes  a  rather  similar  programs* 
of  measurements  performed  on  140  Alt/s  systems.  Both  parameters 
*1  end  m2  can  be  determined  from  the  data  produced  by  such 
meesuramants. 

Alternatively , .  thm  parameter  mj  say  be  measured  directly  by  e 
awaiting  of  the  total  bits  in  error  and  of  the  number  of  clusters, 
i.e.  the  number  of  errors  which  are  the  first  errors  of  new 
clusters.  A  cluster  is  characterized  by  the  large  ntmbers  of 
oorrsctly  transmitted  bits  which  separate  it  from  adjacent 
clusters  compared  with  the  numbers  which  separate  the  bit  errors 
within  itself. 


7.  Summary  and  Conclusions 

The  study  of  ISON  performance  objectives,  e.g.  with  reference 
to  e  hypothetical  2S000  km  64  kbit/s  connection,  la  substantially 
simplified  by  two  basic  assumptions: 

-  that  error  clusters  (as  distinct  from  the  errors 
themselvee)  are  randomly  distributed, 

-  that  the  numbers  of  errors  per  cluster  are  also 
randomly  distributed. 

Error  performance  objectives  expressed  in  terms  of  different 
error  ratio  thresholds  and  intagrating  periods,  meaningful  for 
different  ISDN  services,  are  then  comparable  on  the  basis  of 
two  parameters,  the  long-term  mean  error  ratio  and  the  mean 
number  of  errors  per  cluster.  The  recommending  of  inconsistent 
objectives  for  different  services  can  in  this  way  be  avoided. 


The  two  mentioned  parameters  do,  in  thsaselves,  provide  a 
sufficient  method  of  specifying  an  ISDN  performance  objective; 
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furthacnora,  an  objactiva  axpreaaad  in  this  way  is  raadiiy 
apportioned,  as  appropriate,  to  different  parts  of  the  reference 
connection. 

The  importance  of  more  field  measurements  of  error  performance 
is  asiphasized;  suggestions  are  made  as  to  how  these  may  most. 
effectively  provide  information  on  error  distributions  as  they 
occur  in  reality. 
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Annex  7 

(to  Question  9/XVIII) 


Relation  between  error  measures 
(Contribution  by  American  Telephone  and  Telegraph  Company) 


1*  A  proposed  draft  recomnendation  suggests  two  error  performance  objectives, 

both  of  which  are  to  be  met  concurrently.  These  are: 

-  More  than  90  percent  of  minutes  to  have  better  than  1 -10-6  errcr  ratio. 

-  More  than  92  percent  of  seconds  to  be  error  free  (for  64  Kb/s  connections). 

It  is  natural  to  inquire  as  to  the  relation  between  these  requirements.  This  relation  may  be 
investigated  by  making  some  assumptions  regarding  the  error  statistics.  Alternatively,  the  limits 
on  one  measure  guaranteed  by  the  other  regardless  of  the  statistics  may  be  calculated,  and  this 
calculation  is  carried  out  below.  It  is  found  that  a  connection  providing  exactly  90  percent 
minutes  at  better  than  1-10*6  error  ratio  will  provide  from  85.5  to  99.8  percent  error-free- 
seconds  at  64  Kb/s,  and  that  a  connection  providing  92  percent  error-free-seconds  at  64  Kb/s  will 
provide  from  0  to  97  percent  minutes  better  than  1-10*6. 

2.  If  we  have  90  percent  minutes  better  than  1-10"®,  then  for  90  percent  of  the 
minutes  there  must  be  less  than  (10*6)  (64)  (103)  (60)  =  3.8  errors.  Therefore,  there  can  be 
from  0  to  3  errored  seconds  in  the  90  percent  interval.  In  each  minute  of  the  10  percent  (at 

the  limit)  or  minutes  worse  than  10*6  there  must  be  at  least  four  errors,  which  could  all  occur  in 
one  second,  or  there  could  be  60  errored  seconds  in  each  such  minute.  Therefore,  the  percent 
error  seconds  corresponding  to  the  90  percent  minutes  criteria  ranges  from 

(0)  90S  +  (1/60)105  =  0.175  to 
(3/60)  90S  +  (60/60)  105  =  14.55 

3.  If  we  have  92  percent  error  free  seconds,  me  8  percent  errored  seconds  could 
each  have  one  or  more  errors.  Since  any  second  with  4  or  more  errors  causes  the  minute  in  which 
it  appears  to  be  worse  than  the  10*6  threshold,  and  8  percent  of  60  seconds  is  4.8  seconds,  there 
may  be  no  minutes  better  than  1-10*6.  On  the  other  hand,  if  three  errored  seconds  occur  ir  each 
minute  for  31  minutes,  and  then  one  minute  with  60  errored  seconds  occurs  we  have  still 
fepproximately)  8  percent  errored  seconds,  but  now  (approximately)  97  percent  minutes  which  are 
better  than  1 *10*6. 


/ 
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Annex  8 

(to  Question  9/XVIII) 


Effect  of  digital  signal  processing  devices  on  the 
transmission  performance  of  international  digital  connections 

(Contribution  by  Bell-Northern  Research/CTCA) 


|l»  Introduction 


It  ha*  bam  known  for  soma.tla*  that  an  international  digital  rnnaarrlna 
Mtwara  countries  using  A-lav  and  Mu-law  PCM  coding  will  raqulre  digital  coda 
coavaraloa  if  an  excessive  mount  of  diatortion  is  to  ba  avoided.  A  suitable  coda 
conversion  has  bean  roc  win  lad  (lacnmia  lotion  C.711)  and  the  par  fo  nance  of  an 
ideal  connection  involving  m  A/Mu,  Mu/A-lav  conversion  has  bora  piMllahod  (CCITT 
Croon  Book  Vol.  III-3  p.  gAA  Figure  A). 

■avertbelasa,  a  practical  intaraatloaal  connection  nay  contain  additional 
•ignnl  processing  dev  lean  tdiich  can  causa  further  diatortion.  Thera  will  also  bo  a 
further  degradation  due  to  randoai  bit  errors. 

Doing  computer  models,  calculations  have  therefore  been  made  of  the  overall 
signal  to  distortion  ratio  (for  a  gauaaiaa  input  signal)  of  various  practical 
connect ions.  These  connections  include  A/ Mu-law  coaveraloae  and  other  digital  signal 
processing  devices  such  as  a  *  dl  digital  pad  and  a  typical  bit  reduction  achma. 

The  affect  of  random  bit  errors  has  also  been  investigated.  The  medals  - - -  ideal 

A  and  Mi-law  segmented  coding  lam  and  conversion  rules  according  to  lacomnamdatiou 

Ge7XXe 


Calculations  of  the  signal  to  distortion  ratio  of  A  and  Mu-law  encoding 
with  each  of  the- digital  signal  processing  devices  alone  are  given  in  Figures  la  and 
lb.  Notice  that  a  6  dB  pad  has  been  used  in  these  calculations.  Other  pad  values 
would  give  somewhat  different  values  of  signal  to  distortion  ratio  for  A  or  Mu-law. 

In  this  and  subsequent  figures  the  dashed  line  represents  the  template  for 
the  allowable  signal  to  distortion  ratio  of  a  single  codec  from  Recommendation  G.712 
(gaussian  signal  input), 

2.  Calculation  laaulca 

(1)  Oaa  vary  Important  practical  connection  lnvolvmn  an  A/Mu-law  convaraion  wfaars 
tha  transmission  Ions  Is  scblsvcd  by  msans  of  a  6  dB  digital  pad  inaartad 
prior  to  the  receive  codec.  This  connection  is  shown  in  Figure  2a.  Signal 
to  distortion  ratios  for  Mu  to  A  and  A  to  Mu  directions 
of  traaamiaaloa  for  this  configuration  are  shown  in  Flgurns  3a  and  3b,  with 
and  without  a  6  dB  digital  pad  and  a  random  bit  error  ratio  of  lCf*  .  It  is 
clear  that  tha  degradation  introduced  by  the  random  bit  errors  in  tha  dominant 
feature.  In  comparison  with  Flgurss  4a  rad  4b,  which  ahow  the  affect  of 
random  hit  nrrors  without  any  pad  or  A/Mu  law  conversion,  it  era  bo  soon  that 
the  connnction  of  Plgute  2a  would  have  the  sane  elgoal  to  diatortion  ratio  as 
s  random  BEX  of  botvoon  1(P  rad  ICf5  .  Thin  level  of  elgnal  to  distortion 
ratio  can  result  in  perceived  degradation  (CCIX  Doc.  b/75; 
particularly  for  low  level  signals. 


*  To  facilitate  the  preparation  of  this  text  the  symbol  Mu  was  used  in  place  of 
Greek  letter  u  throughout  the  text. 


. . . ' . I . . . . . in . I . . . . . . 


(ii) 


Th«  configuration  analysed  above  can  be  extended  to  include  the  effect  of 
extra  signal  processing  which  night  occur  due  to  for  example,  digital  speech 
interpolation  systems.  When  such  a  system  is  in  overload  one  technique  to  M 
channels  instantaneously  available  is  to  reduce  the  ntaber  of  blts/sample  to 
7.  this  is  also  known  as  trans-coding.  Although  this  bit  reduction  occurs 


ike  more 


dynamically  depending  on  the  instantaneous  talker  activity,  a  worst  case  Is  to 
esstase  continuous  bit  reduction  to  7  bits.  A  connection  consisting. 


therefore,  of  a  Hu/A-law  conversion,  6dB  digital  pad,  7  bit  transcoding  and  • 
random  BEK  of  l(f*  has  been  analysed.  This  connection  la  shown  in  Figure  2b. 
Iht  signal  to  distortion  ratio  for  either  direction  of  transmission  of  this 
connection  is  also  shown  in  Figures  3a  and  3b.  The  additional  7-bit 
transcoding  causes  some  reduction  In  the  signal  to  distortion  ratio  for  high 
level  signals.  However,  in  this  level  range  the  signal  to  distortion  ratio  is 
still  sufficiently  high  that  the  subjective  effect  would  be  unnoticeable. 

Once  again,  the  subjective  effect  would  be  on  low  level  signals. 


Several  computer  models  of  practical  international  digital  connections 
involving  A/tfu  law  conversions,  digital  pads  and  bit  reduction  schemas  have  been 
analysed.  Calculations  have  shown  chat  the  addition  of  digital  signal  processing 
devices  result  in  a  decrease  of  signal  eo  distortion  ratio.  Vor  connections  with  s 
bit  error  ratio  of  i (f*  this  docraaoe  la  euf  ficianc  to  cases  s  notlcnsbla  change  in 
the  perceived  degradation,  particularly  at  low  signal  lavels.  It  is  therefore 
suggested  that  the  affect  of  digital  processing  devices  should  bo  taken  into 
consideration  whan  allocating  impairment  in  an  international  digital  conmectlom. 


distortion  (dll)  in  bund  300-3  1*00  Hz  Signal  to  distortion  (dB)  in  bond  300-3  !'00  Hz 


-  102  - 

COM  XVTII-Ko.  1-E 


QUESTION  10/XVI1I  -  Availability  for  the  ISDN 

(continuation  of  Question  5/XVIII,  studied  in  1977-1980} 

1.  What  availability  parameters  should  be  delined  for  the  ISDN,  and  what  values 
should  be  recommended  for  each  parameter  ? 

In  particular,  values  of  parameters  should  be  defined  on  an  overall  basis 
(customer  to  customer)  and  apportioned  as  appropriate  to  nodes  and  links  in  the  network 
for  different  aspects  of  each  service  (see  Annex). 

2.  What  methods  should  be  used  to  measure  the  availability  ? 

3.  Which  hypothetical  reference  models  should  be  coordinated  with  the  studies 
on  determination  ? 

Note  1  :  Studies  of  this  Question  should  be  based  on  the  results  of  those  carried 
under  Question  9/XVIII  and  in  close  cooperation  with  the  appropriate  Study  Groups. 

Note  2  :  Replies  to  this  Question  will  be  transmitted  to  Study  Group  CMBD  as 
contribution  to  Question  2/CMBD  by  the  Rapporteur  for  availability. 

Note  3  :  Meeting  these  aims  requires  careful  study  of,  an  ‘'_ed  approach  to,  all 

aspects  of  service  availability  such  that  particular  parameters  are  not  considered 
in  isolation. 


Annex 

(to  Question  10/XVIII) 


Reply  to  Question  5/XVTII  (Reliability  and  availability  of  digital  networks) , 

Study  Period  1977-1980 


General  aspects 

The  availability  and  raid ability  performance  objectives  are  highly 
dependant  on  the  definitions  of  failures  In  a  network.  These  era  different  for 
different  services  end  one  failure  also  has  different  effects  on  the  functions 
of  different  services.  Sines  the  various  availability  requirements  depending 
on  different  services,  leads  to  different  costs  in  the  network,  it  is  necessary 
to  start  with  at  least  one  objective  for  each  service  and  than  try  to  coabine 
them  in  such  a  way  that  the  naaber  of  objectives  will  be  reduced. 

As  a  basis  Tor  further  studies  at  least  the  following  four  levels  of 
performance  will  be  used  : 

1 )  Normal  service 

2)  Degraded  for  data 

3)  Interruption  for  non  telephony 

U)  Total  interruption. 

These  levels  as  well  as  the  objectives  have  to  be  defined  with  a 
number  of  suitable  parameters  and  the  study  of  which  parameters  can  be  used 
is  a  task  for  the  next  study  period. 
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The  service  availability  objective  will  be  established  ta.-'.tnf.  into 
consideration  the  quality  of  service  offered  to  the  subscriber  and  that  which 
can  bo  achieved  by  the  Administrations.  The  Administrations  will  be  able  to  allocate 
their  maintenance  personnel  and  procedures  and  the  provisioning  of  stand  by 
equipment  and  alternative  circuits  in  a  manner  most  appropriate  to  themselves 
but  at  the  same  time  achieving  the  performance  objectives. 

Calculating  failure  occur  xicao  and  the  probability  for  a  failure  in  the 
natwork  t-ikms  it  naoaaaary  to  use  statistical  methods*  This  should  be  taken  into 
account  when  evaluating  or  measuring  failures  in  a  network*. 

tram  the  above  is  understood  that  specifying  all  failures  and  failure 
effects  in  a  'complete  network  with  a  number  of  different  services  ie  a  rather 
complicated  task.  This  makas  it  nacessary  to  use  simplified  models,  such  as 
hypothetical  reference  circuits  and  the  work  with  those  must  continue  with  high 
priority  during  the.  next  etaafa period.  One  first  model  has  been  developed  during 
the  study  period  (see  Figure  1). 

When  an  overall  availability  performance  objective  baa  been  formulated, 
the  next  very  important  problem  la  how  to  allocate  values  ( requirements )  to  the 
various  parts  of  a  natwork.  This  is  an  economic  problem  of  high  iaportanno  and 
possible  optimisation  methods  must  be  dealt  with  as  soon  as  possible. 

Conclusions  and  future  work 

a)  The  principle  to  divide  the  network  into  two  basic  parts,  (1)  subscriber 
sub-system,  (2)  linking  sub-system  has  been  provisionally  adopted  as  the  basis  for 
further  studies.  It  was  also  agreed  that  the  linking  sub-system  portion  should 
receive  initially  the  greatest  emphasis.  This  principle  is  described  in  more 
detail  in  Appendix. 

b)  A  simplified  calculation  model  ahould  be  uaed.  Figure  1  is 
ouch  a  model  and  represents  a  part  of  a  switched  connection  in  an  inte¬ 
grated  digital  network.  This  model  does  not  include  alternate  routing 
or  rerouting.  Sufficient  redundancy  may  be  included  to  achieve  the 
desired  level  of  availability,  considering  also  maintainability. 

c)  This  model  could  later  be  expanded  to  include  2  or  more  routes 
between  the  two  switching  centres  and  the  achievable  availability  under 
these  conditions  nay  be  determined.  It  may  be  desirable  to  indicate  such 
objectives  in  both  of  the  following  manners  :  (l)  at  any  instant  of  timo 
x  per  cent  of  the  paths  shall  bo  available,  and  (2)  any  particular  path 
should  be  available  y  per  cent  of  the  time. 

Additional  refinements  to  the  model  may  also  be  achieved  by 
including  alternate  routing  through  other  switching  centres  and  network 
manag'nont  principles.  These  refinements  may  indicate  that  a  desired 
availability  objective  may  be  achieved  for  the  linking  sub-system  with 
lower  values  of  availability  objectives  fqr  individual  parts  of  that 
system  than  originally  indicated  by  the  study  of  the  basic  model  propoi.,1 
in  (b).  In  all  caaea,  it  has  been  assumed  that  sufficient  paths  have 
been  provided  using  traffic  engineering  principles  to  obtain  a  specified 
grade  of  service. 

The  interdependency  of  traffic  engin'  cring  and  path  availability 
objectives  must  finally  be  determined. 

d)  Availability  objectives  for  the  subscriber  sub-system  would  be 
studied  in  the  future  or  left  to  Jthe  responsibility  of  each  national 
network  Administration. 
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e)  The  definitions  of  faults  and  the  effect  of  a  fault  is  fundamen'  al 
for  the  availability  and  reliability  of  a  network.  Definitions  such  as 

error  characterizations  and  data  (values)  are  needed.  During  this  study  period 
the  following  values  have  been  stated  : 

-  An  error  ratio  in  excess  of  1.10-3  is  generally  regarded  as  being  a 
criterion  for  unavailability. 

-  On  a  6k  kbit/s  path  this  nay  more  conveniently  be  expressed  as  an  error 
count  of  more  than  6U  errors  per  second,  persisting  for  x  secunds. 

-  As  a  time  criterion  for  unavailability  1...2  seconds  have  been  mentioned 
initially  for  digital  service,  as  this  is  the  time  after  which  digital  multiplexes 
equipments  become  normally  unavailable  when  detecting  an  exc  sible  error  rate. 

A  value  of  10  seconds  for  telephony,  as  proposed  by  Study  G-  X.  has  been 
considered.  The  exact  value  should  be  decided  in  cooperatio  h  relevant 
Study  Groups  '(such  as  Study  Group  XI  and  CCIR  Study  Groups). 

f)  The  description  of  the  availability  concept  and  other  definitions  being 
studied  by  Joint  Study  Group  CMBD  will  be  used  as  the  basis  of  availability  work 
in  Study  Group  XVIII. 

g)  Different  levels  of  performance  have  to  be  taken  into  account  in  an 
ISDN.  Together  with  the  probability  for  a  subscriber  to  notice  the  different 
levels  this  is  essential  for  the  future  studies.  More  information  and  some  proposed 
values  are  given  in  Annex  5  of  Question  9/XVIII. 
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Appendix 

(to  Annex  to  Question  10/XVIIl) 

Availability  of  digital  transmi  ssi on  sy^temc 
(contribution  by  the  Italian  Administration) 

1.  Introduction 

With  ,'vference  to  Question  5/XVIII  in  this  contribution,  the  Italian 
Administration  presents  some  general  considerations  in  order  to  define,  evaluate  and 
express  the  availability  of  digital  transmission  systens. 

2.  Networks  and  transmission  systems 

An  analogue  or  digital  telecommunication  network  can  be  subdivided  into  two 
basic  sub-systems  : 

1)  subscriber  sub-system  -  that  includes  all  the  parts  being  assigned  to 
subscribers  and  allowing  the  access  to  the  network  (telephone  set,  individual 
line  connecting  the  subscriber  with  the  local  exchange,  local  exchanges); 

2)  linking  sub-system  -  that  includes  the  plants  and  the  facilities  in  common 

among  all  the  users  which  are  assigned  on  demand  by  a  frequency  division 

(analogue  transmission),  space  division  (space  division  switching),  or  time 
division  (digital  transmission  and  switching). 

Aiming  to  a  study  concerning  the  interconnection  and  the  interworking  of 
systems  belonging  to  different  Administrations,  it  is  mainly  important  the  linking 
sub-system  which  here  means  Integrated  Digital  Network  ( IDN )  and  Integrated  Service 
Digital  Network  ( ISDN ) . 

Such  a  network  includes  : 

a)  nodes  -  where  switching,  signalling,  multiplexing  and  A/D  conversion  are 
carried  out; 

b)  branches  -  links  connecting  the  nodes  in  different  ways. 

As  a  first  approach  to  the  problem,  the  study  of  the  transmission  systems 
on  the  reliability  point  of  view  could  be  carried  out  :  they  actually  correspond  to 
the  branches  and  partially  to  the  nodes  (the  exchanges  are  excluded). 


(22) 


-  107  - 

COM  XVIII-ilo.  1-E 


In  fact,  the  transmission  systems  are  defined  as  the  vnole  of  the  _  _ 

transmission  facilities  that  fulfil  bi-directional  paths  suitable  .or  transmi,~ng 
useful  telecommunication  signals  between  two  terminals. 

The  transmission  system  is  generally  subdivided  into  two  systems  : 

a)  multiplex  sub-svstem  -  that  fulfils  the  A/D  conversion  of  the  signal  and  the 
multiplexing  at  different  hierarchical  levels; 

M  Tine  sub-svstem  -  that  fulfils  the  bi-directional  transmission  over  physical 
lines  (cables,  guides,  fibres),  including  them  as  well  as  the  regenerators. 

Because  of  the  complexity  of  the  telecommunication  networks  and  the  variety 
of  the  transmission  systems,  some  peculiar  characteristics  of  them,  useful  for 
determining  a  reference  model,  should  be  chosen. 

3.  Availability  of  networks  and  systems 


Considering  the  telecommunication  network,  it  is  important  to  take  into 
account  the  opening  and  service  point  of  view,  therefore,  the  availability  concept 
seems  more  interesting  than  the  reliability  aspect  when  applying  to  the  networks. 

The  availability,  in  a  large  sense,  includes  the  aspects  of  the  reliability 
and  the  maintenance  concerning  the  maintainability  of  the  systems  as  well  as  the 
logistic  support  of  maintenance  (Figure  1). 


MTBF  -  MEAN  TIME  BETWEEN  FAILURES  (REPAIRED  SYSTEMS) 
f.*TTR  -  MEAN  TIME  TO  REPAIR 
ALT  -  AVERAGE  LOGISTIC  TIME 

Figure  1 
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So,  it  appears  as  a  combined  concept  where  the  system  and  the  service  aspects 
are  included.  But  no  availability  objective  has  been  recommended  by  CCITT  as  concerns 
the  network  :  only  recently  CCIH  has  fixed  an  objective  concerning  the  radio-relay 
systems.*^ 

This  objective  can  be  far  from  the  value  relating  to  the  networks,  because 
in  same  cases  very  high  availability  values,  valid  for  the  networks,  could  be  met  using 
re-routing  techniques  of  large  assemblies  of  circuits  instead  of  systems  having  high 
intrinsic  availability. 

Really,  a  complete  study  concerning  the  availability  of  the  networks  should 
also  include  the  traffic  aspects  and  should  take  into  account  the  dynamic  management 
criteria  (e.g.  re-routing  techniques). 

U.  Availability  of  paths 

The  complexity  and  the  modern  management  of  the  networks,  based  on  the 
dynamic  operating,  also  suggests  to  consider  the  availability  of  paths  instead  of  the 
availability  of  systems. 

So,  in  addition  to  the  maintenance  aspects  (in  a  large  sense)  covered  by  the 
availability  concept,  it  is  possible  to  take  into  account  the  structure  of  the  network, 
i.e.  the  network  redundancies,  the  distribution  of  circuits  between  different 
transmission  systems,  the  influence  of  sub-systems  outside  the  transmission  system  under 
consideration  but  indispensable  to  its  operation  (e.g.  no-break  power  facilities), 
and  the  manual  or  automatic  re-routing. 

In  fact,  it  should  be  noted  that  an  interruption,  due  to  failures  or 
maintenance  operations  concerning  an  individual  circuit  or  a  circuit  assembly,  may  not 
mean  a  consequent  interruption  of  traffic  if  suitable  re-routings  have  been  carried 
out  according  to  agreed  procedures  corresponding  to  network  planning  criteria. 

As  a  first  approach  to  the  study  of  Question  5/XVIII,  the  traffic  and  dynamic 
management  aspects  have  not  been  taken  into  account  and  a  simplified  model  could  be 
developed  on  the  basis  of  this  assumption. 

5.  Conclusions 

In  this  contribution,  attention  is  drawn  on  the  complexity  of  the  study 
relating  to  Question  5/XVIII.  As  a  first  approach,  the  strong  assumption  of  negliging 
the  traffic  concept  is  proposed  in  order  to  develop  a  reference  model  suitable  to 
define  and  evaluate  the  availability  of  paths,  taking  into  account  reliability  as  well 
as  the  maintenance  aspects. 


* )  Recommendation  Xc.  557  ( Volume  IX,  Kyoto,  1978). 
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quest:  c:;  11/ 


unaracteristi  cs 


:a _  sections 


(Continuation  of  part  of  Question  Il/XVIII,  studied  in  1-77-1950) 

a)  What  essential  common  criteria  should  be  established  for  all  types  of 
digital  line  sections  and  digital  radio  sections  ? 

Note  1  :  Consideration  should  be  given  to  the  need  for  digital  line  sections  and  digital 
radio  sections  to  be  interchangeable  and  intercocnectable.  However  significant 
differences  may  exist  between  performance  characteristics  for  systems  using  different 
media. 

Note  2  :  Coordination  with  CCIR  Study  Groups  ij  and  9  must  be  undertaken  to  establish  the 
conmon  criteria. 

b)  In  which  way  should  the  existing  Recommendations  of  the  G.9*y  series  be 
amended  and  completed,  insofar  as  they  relate  to  digital  sections  7 

c)  What  new  Recommendations  should  be  established  regarding  digital  sections 
(e.g.  using  non-hierarchical  bit  rates)  ? 

d)  What  are  the  principles  which  should  form  the  basis  for  the  detailed  study 
of  the  local  network  digital  line  transmission  systems  and  multiplexers  for  connecting 
digital  terminals  to  the  ISDN  7  (To  include  combination  of  analogue  and  digital 
terminals  and  PABXs). 

For  each  individual  type  of  digital  line  section,  the  following  specific 
points  require  study  : 

-  bit  rate; 

-  special  properties  (such  as  bit  sequence  independence,  or  restrictions  of 
the  bit  sequence  that  may  be  transmitted); 

-  characteristics  of  interfaces  (normally  these  should  be  in  accordance  with 
Recommendation  G.703); 

-  error  performance  (expected  to  comply  with  Recommendation  G.821  which 
specifies  the  overall  network  performance); 

-  jitter  performance  (input  and  output  jitter  as  well  as  jitter  transfer 
function;  Recommendation  G.Tf’S  should  be  observed); 

-  other  performance  parameters; 


-  availability; 

-  fault  conditions  and  consequent  actions. 
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Annex 

(to  Question  11/ XVI II ) 

Criteria  for  the  fault  condition  "error  ratio  1,'0~3 
in  digital  line  sections  at  2046  kbit/s 

(Contribution  from  Federal  Republic  of  Germany) 

1  Introduction 

The  fault  condition  "Error  ratio  1.10-3"  in  digital  line 
•actions  at  204a  kbit/s  corresponds  to  tha  fault  condition 
■Bxcaaaiva  arror  rata"  in  2048  kbit/s  primary  multiplex 
equipment,  which  is  specified  in  detail  in  Rec.  C.  732. 

With  respect  to  the  important  consequent  actions  (prompt 
maintenance  alarm,  emission  of  AIS),it  la  necessary  to  define 
.  a  similar  detailed  specification  for  the  fault  condition 
■Error  ratio  1.10“3"  in  line  sections  at  2048  kbit/s. 

The  fault  condition  "Error  ratio  1.10“5"  is  less  important 

since  it  only  implies  a  deferred  maintenance  alarm.  Its  detailed 
specification  can  therefore  be  left  to  the  national  Administra¬ 
tions. 

2  Modifications  with  respect  to  Rec.  G.732 
Error  detecting  n»thcd_ 

In  primary  multiplex  equipment ,  errors  ere  detected  in  the 
frame  alignment  signal;  in  digital  line  sections, errors  ere 
detected  by  code  rule  violation#.  The  relation  between  vio¬ 
lation  rate  and  bit  error  rate  depend#  on  tha  lint  code, 
the  choice  of  cod#  rule  violations  to  be  detected  by  tlie  arror 
detector,  and  on  the  binary  algnal  pattern. 

In  actual  operation, the  statistical  properties  of  the  binary 
signal  pattern  may  be'  described  by  two  limiting  cases.  If 
all  channels  are  busy, the  binary  signal  approaches  a  random 
pattern;  if  all  channels  arc  idle, the  binary  signal  approaches 
a  1010. .  .pattern;  if  only  part  of  tha  channels  is  idle,  the 
statistical  properties  of  the  binary  signal  are  somewhere  be¬ 
tween  these  limiting  cases. 
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w.Mcr;  tr.e  speci  f  i cat  lor;  should  be  net.  It 
rar.dor.  pattern  according  to  Heconnendatiox. 

Measuring  tirne_for_activating  the  indication^of  fault  condition 

The  code  violation  frequency  is  in  any  case  by  at  least  one  order 
of  magnitude  higher  than  the  frequency  of  errora  in  tha  frame 
alignment  signal.  Therefore,  the  measuring  time  for  activating 
the  indication  of  fault  condition  can  be  reduced  to  a  few  tenths 
of  a  second  as  compared  to  the  “few  seconds"  in  G.732. 

Insensitivity  to  error  bursts 

am»a»e»<a»«»dk«e«e«ft«ev«Bwsm 

The  error  rate  detector  In  a  line  section  should  have  the  same 
insensitivity  to  error  bursts  as  the  error  rate  detector  and  the 
loss  of  frame  'alignment  detector  of  primary  multiplex  equipment. 

In  primary  multiplex  equipment,  an  error  burst  of  up  to  four  frame 
lengths  (  &  0,5  ms)  does  not  activate  any  indication  of  fault 
condition  since  only  two  errora  in  tha  frame  alignment  signal 
are  detected. 

Criteria^for^deactivating  the  indication^©!  fault  condition 

The  definition  of  the  criteria  for  deactivating  the  Indication 
of  fault  condition  must,  take  into  account  the  argument  concerning 
the  mutual  dependence  between  error  rate,  service  alarm  and  binary 
signal  pattern,  v/hich  is  indicated  in  Doc.  XVIII-No. 217. Appendix  4 
to  Annex  1.  When  the  fault  condition  "Error  ratio  1.10"3"  is  de¬ 
tected  in  a  digital  line  section,  the  digital  path  is  taken  out 
of  service  and  the  binary  digital  signal  pattern  is  changed  into 

the  idle  pattern  (..10101...)  of  the  multiplex  equipment.  As  a 
consequence  of  this  change  of  pattern  ,the  error  rate  may  decrease 

considerably  and  the  indication  of  fault  condition  "Error  ratio  i.io-3 
in  the  digital  line  section  nay  be  deactivated,  unless 

the  threshold  for  deactivation  is  sufficiently  low.  In  accor¬ 
dance  with  the  above-mentioned  document.it  is  proposed  to  deacti¬ 
vate  tha  indication  of  fault  condition  not  before  the  error 
rate  hes  fallen  below  i.io~5. 


sugges'ec  t*.  select  a  i-  -i  Djeudc- 


1.4. 1.3  Error  ratio  1.10-3  detected  by  code  rule 


violations. 


1.4. 1.3.1  Criteria  for  activating  the  Indication  of  fault 
condition: 

-  Error  ratio  £  1.10-14 

She  probability  of  activating  the  indication  of  fault 
condition  in  a  few  tenths  of  a  second  should  be  less  than 
1CT6. 

-  Error  ratio  21.10-3 

She  probability  of  activating  the  indication  of  fault 
condition  in  a  few  tenths  of  a  second  should  be  higher 
than  0.95.' 

The  indication  of  fault  condition .  should  not  be  activated 
by  an  error  burst  £  0,5  os. 


I. 4.1. 3.2.  Criteria  for  deactivating  the  indication  of 
fault  condition: 

-3 

-  Error  ratio  >  1.10 

The  probability  of  deactivating  the  indication  of  fault 
condition  in  a  few  seconds  should  be  alaost  0. 

-  Error  ratio  >  1.10  ^ 

The  probability  of  deactivating  the  indication  of  fault 
condition  in  a  few  seconds  should  be-  less  than  0.05. 

-6 

-  Error  ratio  <  1.10 

The  probability  of  deactivating  the  indication  of  fault 
condition  in  a  few  seconds  should  be  higher  than  0.95. 

Note:  The  criteria  are  valid  for  a  pseudo-random  pattern 

according  to  Rec.  0.151. 
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*)  Chat  work  carried  out  is  the  definition  stage  of  the  aalataaaaca 
philosophy  during  tha  Itwdy  Tar  log  (1»77-1*#0)  has  IkImM  a 
MHlMr  of  tha  implsm aatatl—  aspects  of  tha  phUoeoph j  fTi  ia» 
datlea  C70*)j 

k)  that  a  wall  defined  aalataaaaca  philosophy  trill  determine  tha  • 
direction  of  future  malatcn - etudise; 

c)  that  ■ecomnendatlon  C70*  la  Incomplete  (a.g.  ao  digital  switching 
aad  algaalllag  considerations) ; 

4)  that  car  tala  eperatlsmal  aspects  of  aatuork  and  traffic  — uaa 
mr  laflaaaca  aalataaaaca  philosophy; 

•)  chat  implementation  of  tha  philosophy  la  coaplaa  sad  raoalraa 
argarata  traataaat; 


What  i3  the  overall  maintenance  philosophy  for  digital  networks  ? 


The  following  specific  points  require  study  : 


1.  What  additional  principles  are  needed  to  ensure  that  the  maintenance 

philosophy  encompasses  all  elements  of  the  network  : 


2.  To  what  degree  is  network  surveillance  required  to  identify  status  and 

quality  of  connections  and  network  elements  ? 


3.  What  is  the  effect  of  differing  service  requirements  on  network  maintenance 

philosophy  ? 


Annex 

(to  Question  12 /mil) 

Test  sequence  to  measure  the  bit  error  rate  on  6h  kbit/s  channels 


1.  Introduction 

The  transmission  of  digital  information  at  a  rate  of  6k  kbit/s  is  possible  via 
digital  PCH  transmission  systems  as  well  as  via  (analogue)  carrier  frequency  systems. 

Tbe  interface  for  the  digital  6k  kbit/a  signal  is  specified  in 
RecoMendations  G-703  and  G-732-  In  Figure  b/G.702  the  6h  kbit/s  digital  path  is 
illustrated.  The  hypotnetical  reference  circuit  is  described  in  Recommendation  G.721- 

Tbe  nodes  according  to  Reco»endation  V.36  allows  the  transmission  of  a  6h  kbit/s 
signal  in  a  pi  imary  group  in  tbe  frequency  band  60  to  108  kJUt  via  the  analogue  carrier 
frequency  transmission  system. 

For  bit  error  rate  measurements  on  tbe  above  channel  a  and  their  combinations  the 
specification  of  a  standard  test  sequence  is  urgently  required. 
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Propose 1 


It  is  propose^  to  specify  •  pseudo-rand os  pattern  as  a  test  sequence  which  bss 
a  pattern  length  of  2'u-l  *  20h7  bits.  This  test  sequence  can  be  produced  by  aeaas  of 
an  11-stage  shift  register  with  feedback  fro*  the  outputs  of  the  9th  and  11th  stage  of 
tha  first  stage  via  an  exclusive  OR  gate. 

It  should  be  noted  that  this  test  sequence  contains  s  mi—  of  10  consecutive 
"0"  bits.  Therefore  in  the  esse  of  internstional  testing  where  the  measurement  includes 
systems  based  on  151***  kbit/s  it  is  necessary  to  modify  the  test  sequence  in  such  a  way 
to  awoid  sore  than  7  consecutive  "0"  bits.  The  specific  details  of  implementing  this 
approach  is  left  to  Study  Group  IV 

Two  essential  conditions  are  net  by  the  proposed  test  sequence  : 

a)  The  test  sequence  is  a  maxi  mm  run  length  pseudo  random  sequence,  (which 
means  that  its  generating  polynomial  is  prime  and  primitive),  and  if  the  number  of 
stages  of  the  shift  registers  in  the  scrambler  is  less  than  that  of  the  test  sequence 
generator,  then  the  scrambler  and  the  test-sequence  generator  cannot  have  a  common 
factor.  In  such  case  there  will  be  no  restrictions  with  respect  to  possible  scrambler 
configuration . 

b)  The  period  of  the  test  pattern  does  net  exceed  the  tine  still  convenient  for 
practical  measurements.  On  the  other  hand,  the  test  sequence  is  sufficiently  long  to 
closely  simulate  the  random  signal  being  present  in  practice. 

In  addition  to  the  random  pattern  capability  described  above,  this  test 
equipment  should  provide  for  fixed  patterns-  The  definition  of  these  patterns  is  under 
study. 

Since  the  proposed  test  sequence  can  also  be  used  at  bit  rates  of 
U8  kbit/s  to  72  kbit/s,  it  snould  be  considered  whether  in  view  of  the  advantages 
mentioned  above,  it  would  be  advisable  to  replace  the  test  sequence  described  in 
Reconmsendation  V.57  by  the  pattern  of  2^—1  bit  length.  In  any  case,  this  pattern 
should  be  mentioned  in  V.57  as  a  possible  alternative. 


It  should  be  noted  that  Study  Group  XVI 
pattern  of  2^-1  length. 


has  followed  the  proposed  test 


UZSTION  12/XVTTT 


Implementation  of  maintenance  philosophy 


(continution  of  part  of  Question  VXVIll,  studied  in  1977-1980) 


Considering 

that  parameters  Indicating  network  performance  have  only  baas  defined 
la  a  preliminary  aaanar,  acre  work  will  ha  required  to  their 

limits  for  network  maintenance  purposes; 

that  maiataaamce  techniques  and  procedures  will  ha  required  for  all 
elamaata  cl  the  digital  network; 


that  aatsotk  aad  syatam  testing  procedures  should  ha  racomaaadad  to 
enable  the  provisioning  of  tasting  end  diagnostic  capabilities  in 

ayatama  aad  equipment; 


that  there  in  a  need  to  prowlde  coordinated,  unambiguous  alarms  and 
indications  to  efficiently  isolate  failed  network  c deponents  end 
restore  service; 


•)  Chat  the  concept  of  maintenance  actinia*  and  tub- entitle*  needs  to  fce 
further  defined; 

f)  that  it  is  necessary  to  cnaur*  a  comun  interpretation  of  the  maintenance 
philosophy  by  all  Study  Croup*  that  era  concerned  with  the  evolution 

of  th*  network; 

g)  that  theta  la  a  need  to  ioforw  other  Study  Croup*  of  the  maintenance 
l^lamaotatlna  strategies  that  hava  oa an  applied  to  apacif in  equipment 

Kmco— amdatiocaj 

1.1  low  should  the  Haiatamaaca  Philosophy  be  lap  lamented  in  digital  networks 
aad  coordiaatad  with  tba  work  of  other  study  Croupe? 

The  following  apacif ic  points  require  atudy: 

i)  What  are  tbs  maintenance  parameter*,  their  limit*,  maaaurammat  method* 
aad  thalr  relationship  to  aatwork  patf oraaaca? 

11)  low  to  amamra  performance  compatibility  for  three  ho  Ida  aad  oparata 

times  amorng  sarvlce  alarms,  amlntaoaace  alarms  aad  protection  switching? 


ill)  What  consideration*  should  govern  th*  location  aad  design  of  measuring 
equipment  to  facilitate  overall  network  maintenance  aad  operation? 


lv)  What  specific  network  surveillance  capability  should  fce  aede  available 
for  aatwork  operation  aad  management? 

v)  What  further  consideration*  should  be  given  to  the  l^lameaeatioo  of 
tbs  principles  of  maintenance  entitles  and/or  aub-entitlaa? 

Mot*  1:  tecir.n  let  Iona  for  aaaaurlag  equipment*  not  included  in  th* 
digital  aqulpawnt  will  be  made  by  Study  Croup  IV,  taklag  into 
account  the  results  achieved  by  Study  Croup  XVIII  under  rh<- 
Quaatloo. 

■ote_2:  At  mb*  future  date  much  of  the  detailed  work  under  this 

Question  should  be  undertaken  by  other  Study  Croups  (e.g.  IV, 

VII,  XI)  although  this  may  not  be  appropriate  at  the  present  time. 


SutaTIOIi  iWavIZI  -  Interworking  between  digital  sy tiers  based  on 
ci  f s  wSr.durds 

(Continuation  of  Question  lVmVIII,  studied  ir.  1977-1980} 

What  measures  are  required  and  what  reeo™endatiens  have  to  be  made 
suable  interworking  between  digital  systems  based  on  different  standards  ? 


The  following  specific  points  require  study  ; 

Point  a)  -  Conversion  between  different  encoding  lavs  in  primary  PCM  multiplex 
equipment  (as  specified  ir.  Hecommer.daticr,  0.711)  taking  into  account  the  possib 
of  oh  kbit/s  paths  fer  signals  other  than  telephony. 

Point  b)  -  Conversion  between  different  frame  structures  of  primary  PCM  salti  ' 
equipment  (as  specified  in  recommendations  0.732  and  0.7i3‘:  and  betv**an  high*" 
order  multiplex  equipment  us  specified  ir.  • — ends? inn;  G.7b2,  G.7i3  b-a 


•1  xt 
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Note  2  :  In  undertaking  this  study,  there  are  "any  detailed  questions  which  rust 
addressed  (see  Annex  l).  The  results  of  ti:  studies  undc-riaxer.  in  t.ne  I*577'l  :-cC 
study  period  should  be  considered  (see  Annexe-  2  and  35.  Close  cooperation  is 
required  with  CCIR  Study  Group  1  (see  Annex  15  and  witn  C-'ITT  3*udy  Groups  VII, 
XV  and  XVII  (see  Annexes  2  and  h>. 

Annex 

(to  Question  lk/XVTII) 

Detailed  Questions  for  further  study 


The  following  list  of  questions  includes  those  raised  in  the  1977-1900  Study 
Period,  since  all  items  were  continued  for  further  study.  New  items  have  also 
been  added;  as  identified  in  that  study  period. 

These  questions  are  based  on  the  satellite  communication  link  layout  on 
Figure  1,  as  well  as  on  the  definitions  of  Type  I  and  Type  II  Satellite 
Systems.  These  system  types  are: 

I.  A  system  wherein  a  151***  kbit/s  or  a  20^8  kbit/s  signal  is  in  essence 
carried  transparently  to  the  other  end  of  the  satellite  link  without 
processing  of  bits  internal  to  these  bit  streams.  This  type  of  system 
may  not  include  Time  Division  Multiple  Access  (TDMA)  function,  or  it 
may  include  a  TDMA  function  transmitting  CCITT  standard  (e.g.,  154U 
or  20U8  kbit/s)  signals. 

II.  A  system  wherein  151*1*  kbit/s  and/or  20b8  kbit/s  signals  are  subjected 
to  processing  demultiplexing  the  primary  multiplex  signals.  The 
multiplex  conversion  function  is  expected  to  be  performed  at  one 
or  both  Direct  Digital  Interface  Equipments  (DDIEs). 

Some  of  the  questions  require  input  from  other  CCITT  study  groups  and  from  CCIR 
Initial  queries  to  these  groups  were  made  in  1979  (CCITT)  and  1900  (CCIR). 

A.  Questions  relating  to  Type  I  Systems 

i)  Where  should  the  MSC  be  located,  and  why? 

a)  A-law  country-  p-lav  country,  or  either? 

b)  International  exchange  or  earth  station  site? 
ii)  What  is  an  appropriate  MSC  capacity? 

a)  Is  a  2*»-channel  to  30-channel  MSC  (i.e.,  a  single  system  of  each 
Standard)  needed?  If  so,  should  the  remaining  six  channels  in  the 
30-channel  system  be  unused? 

b)  What  combinations  of  primary  multiplex  levels  should  be  provided 
(e.g.,  120  channels  representing  four  30-channel  systems  and  five 
2l*-channel  systems)? 
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iii'i  Where  should 
country  ? 


free.  p— lav  conversion  oe  nancies  ir.  trie  p-_a« 


a)  In  the  KSC  or  externally  ? 

b)  At  the  international  exchange  or  earth  station  site? 

iv)  What  synchronisation  requirements  are  to  be  considered  when  using 
the  MSC? 

v)  Should  it  be  possible  to  include  a  digital  speech  interpolation  (DS1) 
function  in  Type  I  systems?  If  so,  where  should  this  function  be 
added?  What  answers  (if  any)  change  as  a  result  of  adding  this 
function? 

B.  Questions  relating  to  Type  II  Systems.  (Answers  may  vary  depending  upon 

particular  Time  Division  Multiple  Access  (TDMA)  plans.) 

i)  Are  there  any  special  multiplex  conversion  problems  when  using  Type  II 
Systems?  If  so,  what  are  these?  Are  Recommendations  required? 

ii)  Should  A-law  to/from  u-law  conversion  be  done  in  the  earth  station 
equipment  or  in  the  international  exchange  in  the  p-law  country? 

iii)  Do  any  special  synchronization  problems  arise  in  the  CCITT  recommended 
systems?  If  so,  what  are  these  problems,  and  how  might  they  be  solved? 

• 

iv)  Should  it  be  possible  to  include  a  digital  speech  interpolation  (DSI) 
function  in  Type  II  systems?  If  Bo»  where  should  this  function  be 
added?  What  answers  (if  any)  change  as  a  result  of  adding  this 
function? 


General  questions 

i)  What  signalling  means  will  be  utilized  to  determine  that  particular 
channels  are  carrying  voice,  voiceband  data,  or  digitally  generated 
data  service?  (Note:  this  information  is  needed  wherever  the  A-lau 
to/from  U-law  conversion  is  to  take  place,  as  well  as  whenever  other 
special  actions  must  be  taken  -  see  the  next  three  questions.) 

Should  these  signalling  systems  be  either  common  channel  or  channel- 
associated,  or  a  combination?  If  channel  associated,  should  analogue 
(e.g.,  FCM-encoded  sinusoidal  signals)  means  be  included? 

ii)  What  other  processing  may  be  needed  for  channels  carrying  voice  services 
in  these  systems  (e.g.,  echo  suppression  or  cancellation)? 

iii)  What  special  measures  may  be  needed  for  channels  carrying  voiceband 
data  services? 

iv)  What  transformations  may  be  needed  for  channels  carrying  digitally 
generated  data  services? 
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v)  What  transformations  may  be  needed  for  channels  carrying  CCITT- 
recoBinended  signalling  systems  signals? 

vi)  Will  other  methods  of  encoding  than  standard  A-law  or  p-lav  PCM  be 
utilized  for  voiceband  services  on  satellite  links?  If  so,  what 
impact  will  these  have  on  the  system  and  on  the  answers  to  other 
questions? 

*.*11)  What  alarms  and  related  system  information  should  be  transferred  across 
the  interface?  What  algorithm  should  be  used?  What  action  should  be 
taken  at  the  earth  station  and/or  at  the  international  exchange  with 
alarms  generated  at  the  opposite  end  of  the  link?  (Note:  20t8  kbit/s 
systems  can  transmit  alarms  in  time-slots  0  and  16.) 

viii)  What  special  maintenance  approaches  are  appropriate  for  the  systems 
postulated?  Should  the  satellite  and  the  two  terrestrial  links  be 
considered  separately  for  maintenance  purposes? 

ix)  Should  n*6l*  kbit/s  services  be  carried?  If  so,  what  special  problems 
arise  and  how  may  they  be  solved? 

x)  Are  there  known  interworking  incompatibilities  between  any  user 
services  (e.g. «  direct  digital  data)  specified  or  contemplated  for 
the  tvo  hierarchies?  If  so,  what  are  these  and  how  might  the  in¬ 
compatibilities  be  resolved? 

xi)  Should  31-channel  versions  of  the  20U8  kbit/s  system  (i.e.,  systems 
using  time  slot  16  for  service)  be  considered?  If  so,  what  changes 
may  be  needed  in  the  answers  to  the  previous  questions? 

xii)  In  some  situations,  a  country  using  one  primary  multiplex  standard  may 
receive  via  satellite  signals  encoded  in  a  format  nonstandard  in  that 
country,  transport  these  signals  (perhaps  at  considerable  distance,  and 
perhaps  through  international  exchanges)  to  a  second  earth  station,  and 
retransmit  these  signals  to  a  third  country  using  the  original  format. 

In  these  situations,  should  recoding  be  allowed?  If  net,  what  arrange¬ 
ments  should  be  considered  for  providing  this  service?  What,  if  any, 
is  the  impact  on  the  answers  to  other  questions? 

xill)  With  some  choices  of  answers  to  the  previous  questions,  a  terrestrial 

link  (Figure  l)  may  either  require  a  20U8  kbit/s  system  in  a  151*1*  kbit/s 
country  (or  vice  versa),  or  require  a  nonstandard  system  (such  ss  A-law 
encoding  -  with  zero  suppression  difficulties  -  on  15^  kbit/s  facilities). 
Should  such  facilities  be  allowed?  If  so,  hov  should  they  be  specified? 

Should  they  be  standardized  for  terrestrial  link  use? 

Note  :  Answering  some  of  these  Questions  requires  interaction  with  CCIR.  To  further 
this  process,  a  communication  vas  sent  from  CCITT  Study  Group  XVIII  to  CCIR  Study  Group  U 
at  the  end  of  the  1977-1980  study  period.  The  text  of  this  communication  is  appended 
to  this  Annex. 
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f to  Annex 


Communication  from  CCITT  Study  Group  ■*■  ■!  I  ■  to  - -  -  -  3tuny_ 


Whereas  CCIR,  at  its  XIVth  Plenary  Assembly  in  Kyoto  1978,  adopted  Opinion  57 
and  Report  707,  with  portions  of  these  documents  related  to  : Later nat ional  safeHite 
links  involving  the  interw  vking  of  countries  using  the  15W  and  20U8  kbit/s 
hierarchies,  CCITT  Study  Group  XVIII  asks  CCIR  Study  Group  u  : 

1  To  inform  CCITT  Study  Group  XVIII  whether  DDIE  equipment  (specified  by 
CCIR;  see  e.g.  Opinion  57)  will  always  include  the  function  of  reassessing  the 
primary  multiple*  signal  used  in  the  receiving  country  (as  implied  by  Sections  3-1 
Ld  3.2  of- Report  7OT).  or  whether  there  are  also  contemplated  system  “herein 

15 hU  kbit/s  or  a  20U8  kbit/s  signal  is  in  essence  earned  transparently  through  the 
satellite  link  without  processing  of  bits  internal  to  the  primary  multiplex  bit 
stre«,  with  multiplex  system  conversion  to  he  performed  by  equipment  specified  y 

CCITT. 

2  To  inform  CCITT  Study  Grot?  XVIII  whether  digital  speech  interpolation  (DSI) 
functions  are  likely  to  be  incorporated  and,  if  so,  whether  the  DSI  function  will  be 
incorporated  in  the  direct  digital  interface  equipment  (DDIE) ,  m  equipment  which  will 
be  located  on  the  side  of  interface  "A”  (see  CCIR  Opinion  56)  containing  equipment 
specified  by  CCITT,  or  on  either  aide  of  interface  "A  depending  upon  the  application. 

3.  To  consider  the  implications  of  the  answers  to  p.-ints  1  and  2  regard  to 

the  ultismte  need  to  specify  similar  functions  on  both  sides  of  interface  A  for 

different^applications^and,  if  such  a  need  ia  perceived,  to  suggest  mechanisms  whereby 
the  recommendations  developed  by  CCIR  and  by  CCITT  **  kept  consistent. 

U  To  inform  CCITT  Study  Group  XVIII  if  any  systems  sre  postulated  in  which 

CCIR  specified  equipment  will  modify  the  code  of  FCH-encoded  voice  signals  and.  i,  so, 
ofthe  nature  of  the  new  code  and  of  any  impairments  expected  to  voice  and  voiceband 

data  signals. 

5  To  inform  CCITT  Study  Group  XVIII  if  there  is  any  contemplated  difficulty  in 

meeting  the  slip  performance  for  plesiochronous  interworking  “  of 

Recommendation  G.S22.  It  is  expected  that,  in  order  to  nee.  t.,e  requirements  oi 
Recaaoendation  G.822,  high-accuracy  clocks  in  accordance  with  Recosiaendation  G.8U  wi-1 
he  required. 


Study  during  1977-1980  of  interworking  between  two  countries  using  different 
primary  multiplex  standards  concentrated  on  satellite  applications.  Most 
contributions  responded  to  some  portion  of  the  detailed  questions  raised 
by  the  Rapporteur.  In  the  discussion  below,  reference  is 
made  to  the  corresponding  questions  carried  over;  see  Annex. 

Responses  to  the  basic  questions  regarding  location  of  the  A/y  law  converters 
and  of  the  multiplex  system  converters  are  summarized  in  Table  1.  With  re¬ 
gard  to  the  remaining  questions,  the  following  comments  may  be  made: 

Question  A  ii):  Several  contributions  mentioned  Multiplex  System 

Converter  (MSC)  capacity.  The  proposals 
ranged  from  inefficient  2b-30  channel  system  interfaces  (at 
least  for  early  satellite  systems  or  those  with  small  cross- 
sections)  to  120-channel  (5  *  2b  and  b  *  30)  interfaces,  to 
the  possibility  of  future  higher  cross-section  interfaces. 

Question  A  iv):  The  contributions  suggested  no  special  synchronization  re¬ 

quirements  when  the  countries  connected  utilize  synchronous 
national  networks;  interworking  is  then  plesiochronous.  In 
the  ease  wherein  slip  type  DDIEs  are  employed  in  a  satel¬ 
lite  system  which  is  timed  to  clocks  of  low  accuracy,  high 
slip  rates  will  probably  result.  A  CCIR  report  described 
general  requirements  on  buffers  associated  vith  system  in¬ 
terfaces.  Both  CCIR  and  KDD  mentioned  the  functions  of 
Justification  and  slip-type  DDIEs. 

Discussion  on  this  point  emphasized  the 
preference  of  CCITT  Study  Group  XVIII  that 
interworking  between  digital  terrestrial  and  satellite  links 
be  plesiochronous,  using  high  accuracy  clocks  to  provide 
satellite  TDMA  timing.  Some  Administrations  noted  that 
satellite  earth  station  equipments  may  have  difficulty  gain¬ 
ing  access  to  highly  accurate  national  clocks  and  may  not 
be  able  to  afford  their  ovn  highly  accurate  clocks. 

Question  B  i):  No  particular  problems  with  implementing  Type  II  systems 

were  identified. 

Question  B  in)  :  Synchronization  comments  are  similar  to  those  in  Question  A  iv). 

Question  C  i)  :  The  only  substantive  input  regarding  signalling  was  received  from. 

Study  Group  XI,  which  indicated  that,  in  accordance  with 
Recommendations  Q.7  and  Q.11Q,  CCITT  Signalling  Systems  Nos.  5,  6 
and  7  and  R1  and  R2  can  be  operated  with  circuits  including 
satellite  links.  Of  these,  only  signalling  systems  Nos.  6  and  7  can 
offer  the  required  additional  signalling  capacity  for  meeting  the 
requirements  imposed  by  alternate  voice  and  data  applications; 
however,  these  additional  functions  do  not  yet  appear  in  the  existing 
Recommendations,  Study  Group  XI  has  proposed  two  Questions 
(Q.2/XI  and  Q.3/XI)  for  addressing  these  issues  for  signalling 
system  No.  7  (which  according  to  Recommendation  Q.7  is  the  preferred 
system  for  interexchange  signalling  in  the  IDN  and  ISDN)  in  the 
198i-190b  study  period. 
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Study  Group  XVII  also  noted  the  importance  of  providing  a  means  of 
differentiating  between  the  various  types  of  ISDN  services  to  control  telephone 
ancilliary  equipment  when  interworking  between  ISDNs  based  on  different  PCM/TDM 
standards . 

Question  C  11):  Other  types  of  processing  that  may  be  needed  for  channels 

carrying  voice  systems  have  been  identified,  including: 

-  echo  suppression  or  cancellation 

-  digital  speech  Interpolation 

-  inversion  of  bits  3.  5.  7  (J  transformation  of  Figure  1, 
Annex  3);  substitution  of  00000001  for  00000000  (Z  operation 
of  Figure  1,  Annex  3) 

Questions  C  ill)  Other  types  of  processing  that  aay  be  needed  for  channels 

and  C  iv);  carrying  nonvoice  systems  have  been  identified.  Including: 

-  substitution  of  00000001  for  00000000  (Z  operation) 

-  Inversion  of  bits  3,  5,  7  (J  transformation ) 

-  Inversion  of  all  bits  (I  transformation  of  Figure  1, 

Annex  3)  and/or  Inversion  of  bits  3,  5,  7  (1  trans¬ 
formation)  for  CC1TT  Signalling  System  Mo.  7 

-  possible  digital  processing  (SC  VZI  comment) 

Voiceband  data  and  direct  digital  data  both  may  need 
processing  different  from  voice  and  different  from  each  oth 
Refer  to  Annex  b,  which  identifies  Study  Group  VII  concerns 
and  specific  questions  in  this  area. 

In  addition,  it  was  noted  that  digital  speech  interpolation  equipment, 
if  used,  may  alter  the  answers  to  some  of  the  questions. 

It  is  clear  that  close  cooperation  is  needed  between  Study  Croups  VII, 
XI,  XVII  and  XVIII  to  allow  progress  in  the  study  of  the  interworking  question. 
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TABLE  1 


Summary  of  inputs 


Rote  3 
X 


Tele globe 


Location  of  A/y  converter 

A.  Country 

-  y-lav  (per  G.711) 

B.  Site 

•  earth  station  X 

-  transit  centre 

-  either 

Location  of  JCC 
A-  Country 

-  A-law 

-  y-lav  X 

-  either  or  both 

B.  Site 

-  earth  station  X 

-  transit  centre 

-  either 

C.  Punctional integration 

-  into  equipment  covered 
by  CCITT 

Recommendations 

-  into  equipment  covered 
by  CCIR 

Recommendations 

-  into  equipment  covered 
by  either  CCITT  or 
CCIR  Recommendations 


Rote  1  :  The  MSC  should  be  located  in  the  y-law  country  if  the  satellite  systes 
transmits  a  fully  standard  A-law.  20L3  kbit/s  signal  as  specified  m 
Recoomendations  G.711  and  G.732, 


X 

Rote  1* 


Rote  2  :  The  MSC  function  could  be  located  in  either  or  both  countries  if  the  satellite 
sy'stiS  transmits  a  signal  net  meeting  the  constraints  of  Rote  1. 

Rote  3  :  The  A/y  converter  could  be  located  in  the  earth  station  if  DSI  equipment  is 
also  located  at  the  earth  station. 
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Ann-x  i 

(to  Question  IWXVIII } 


Interworking  between 


two  standard.;  cc-ns  id«-ri  ng  voice 


data 


1.  Introduction 


This  Annex  is  an  example  of  ea  approach  meeting  some  of  the  interworking 
problems.  As  such,  it  is  considered  worthy  of  further  study,  along  with  other  possit 
solutions  which  nay  be  proposed.  In  particular,  it  is  important  to  note  that 
Study  Group  XI  has  requested  that  Study  Group  XVIII  search  '.r  a  solution  to  the 
interworking  problem  which  accomplishes  all  necessary  transformations  at  one  location. 

a  -  * 

In  the  remainder  of  this  annex,  one  possible  interworking  configuration 
between  an  A-law  country  and  a  u-law  country  is  investigated.  A  new  method  with  a 
single  code  conversion  is  introduced  to  solve  the  besic  problem  of  applying  the 
A/u  conversion  to  voice  signals  but  not  to  digital  data  signals,  while  suppressing  the 
consecutive  all-zero  pattern  on  15«1*  kbit/s  transmission  links. 

2.  Requirements 

The  following  items  need  to  be  considered  : 

1  For  digital  data  signals,  the  A/u  and  li/A  conversions  must  be  removed,  because 
the  conversions  are  not  uniquely  reversible. 

2.  The  all-zero  word  (8  bits)  may  be  inhibited  on  IS1*1*  kbit/s  transmission  links. 

3.  The  A/u  converter  may  be  located  in  the  U-law  country  and  its  preferable 
location  is  the  gateway  switch  (except  in  the  case  that  the  DSI,  which  needs 
voice  channel  identificatiai ,  would  be  located  at  the  earth  station). 

1*.  The  MSC  (Multiplex  System  Converter),  which  may  be  located  at  the  earth 

station  of  either  the  A-law  or  u-law  country,  should  preferably  perforr  the 
same  conversion  without  distinguishing  between  voice  and  data. 

3.  The  deficiency  caused  by  the  interworking  shall  be  minimized,  although  it  can 
not  be  avoided  perfectly  because  of  the  all-zero  restriction. 

3.  A/u  converter 


Before  detailed  discussions  the  bit  inversion  process  related  to  the 
A/U  conversion  should  be  clarified. 

It  is  understood  that  the  so-called  even  bit  inversion  operation  is  for  pui  f 
descriptive  purposes  in  the  CCITT  Recommendations.  It  is  only  a  logical  process  witl 
the  A-law  codec.  (See  Rote  2  of  Tables  la  and  lb  in  Recoaaendatiao  G.711,  and  Rote  ; 
of  Section  1.1  in  Reef  end  ati  on  G.732.)  Therefore,  it  is  taken  for  granted  in  th 
following  considerations  that  this  even  bit  inversion  is  included  in  the  A/u 
converter  as  an  internal  logic. 


(22) 


Feature  :  Introduction  of  the  Z  operation  (by  which  the  code  "OOOOCOOC”  is 
replaced  by  "00000001"  but  others  are  not  changed)  to  avoid  the  transmission  of 
all-zero  word  on  kbit/s  transmission  links  and  the  J  operation  (by  which  3rd,  5th 

and  7th  bits  of  each  word  are  inverted)  to  minimize  decoder  distortion.*) 

Cements  : 

i)  y  to  A  direction 

There  is  no  problem  if  the  all-zero  word  is  inhibited  on  15^  kbit/s 

transmission  links  in  the  y-law  country. 

ii)  A  to  y  direction 

(fee  A- law  character  signal  and  one  digital  data  signal  are  subjected  to  the 

following  distortion  : 

-  The  A-lav  character  signal  "00101010"  (decoder  output  value  number  in 
A' law  a  -128)  is  converted  into  the  code  "00000001"  by  the  J  operation 
end  the  Z  operation  at  the  MSC,  and  then  into  the  y-law  character  signal 
"00000001"  (decoder  output  value  number  in  y-law  •  -126)  by  the 

J  operation  and  the  A  -*  y  conversion  at  the  gateway  switch  in  the  y-law 
country  (see  Table  l). 

-  The  data  signal  "OOCOOOOO"  in  the  A-law  country  is  converted  into 
"00000001"  in  the  y-law  country. 

-  However,  this  distortion  does  not  make  the  matter  worse  since  the  y-law 
character  signal  "00000000"  (decoder  output  value  number  in  y-law  *  -127) 
which  corresponds  to  the  A-law  character  signal  " 00101010"  (decoder 
output  value  ntm&er  in  A-law  *  -128) ,  and  the  digital  data  signal 
"00000000"  would  be  inhibited  on  15^*  kbit/s  transmission  links  in  the 
y-law  country  in  any  case. 

In  Figure  1,  the  other  equipment  related  to  interworking  is  also  described. 
For  instance,  echo  suppressors  should  be  removed  for  voiceband  data  signals  and 
digital  data  signals . 
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p-law  code 

(-127)  00000000 
(-126)  00000001 


P.c-iat icr.  L ev-een  ti.g  c*  agg 


A- law  code 


(-128)  0010101C 
(-127)  00101011 


Code  converted 
with  J  operation 

00000000 
>  00000001 


(  -85)  00101010 
(  -81*)  00101011 


(  -86  )  00000000 
(  -85)  00000001 


00101010 

00101011 


(  -3)  01111100 

(  -2)  01111101 

(  -1)  01111110 

(  -0)  01111111 


(  -2)  OIOIOIOC 


(  -1)  01010101 


0111111'' 


omiiii 


(  )  ;  Decoder  output  value  number  of  each  encoding  law  (see  CCITT  Recoamendation  0.711). 
5-  Data  link  for  CCITT  Signalling  System  So.  7 


Since  the  transmission  process  of  CCITT  Signalling  System  Ho.  7  can  avcid 
long  zero  strings  with  inversion  of  all  bits,  it  was  agreed  in  Working  Party  2  of 
CCITT  Study  Group  XI  that  for  a  61*  kbit/s  signalling  link  in  the  y-iaw  country  the 
inversion  should  be  applied;  however,  in  the  A- law  country  it  should  not  be  applied^ 
The  process  for  interworking  between  the  two  countries  was  not  clearly  defined  /  1_/ 

KDD  proposes  that  the  inversion  should  be  applied  in  case  of  interworking 
between  countries  using  different  standards,  and  that  the  inverters  should  be  placed 
at  the  gateway  switches  of  both  countries.  If  so  arranged,  the  ICC  need  not  recognize 
the  signalling  channel  and  this  channel  con  be  handled  as  an  ordinary  data  channel. 

Also  the  all-zero  word  problem  on  15**1»  kbit/s  trsnsmissi-o  links  between  the  gateway 
switch  in  the  p— law  country  and  the  MSC  is  solved. 

The  configuration  is  also  shown  cr.  figure  1;  particularly  oeserve  note  b). 

6.  Conclusion 


The  interworking  configuration  described  in  Figure  1  is  proposed  to  meet  the 
interworking  requirement*.  A  method  of  interconnecting  signalling  links  for  CCITT 
Signalling  System  So.  7  is  also  proposed.  In  this  proposal,  the  ICC  need  not  identify 
whether  voice  or  data  is  carried. 

The  insertion  or  removal  of  bit  operations  is  required  at  the  gateway 
switches  of  both  sides  according  to  the  services.  However ,  this  kind  of  control  is 
necessary  anyhow,  a.g.  for  echo  suppressors. 

The  proposal,  therefore,  is  considered  to  be  worthy  of  further  study  as  a 
possible  solution  to  the  problens  of  interworking  between  two  standards. 
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(to  Question  II /XVIII ) 

Statement  of  Study  Group  VII  as  regards 
data  problems  involved  with  tl  Kbit/s  paths 


During  the  last  study  period.  Study  Group  VII  nas  identified  four  different 
cases  of  interworking  between  data  networks  at  a  ■>  kbit/s  level  : 

-  an  X-50  or  X.51  multiplexed  stream; 

a  Id  kbit/s  data  channel  carrieu  in  a  Lu  kbit/s  time  slot 
(See  Recommendation  X-50  bis  or  X.S1  bis}; 

-  an  X.75  digital  link; 

-  an  X.60  digital  signalling  link. 

Conforming  to  Draft  Recommendation  G.72x,  it  night  he  necessary  to  add  to 
existing  X  series  Recommendations  in  the  future.  However,  these  additions  can  only  be 
studied  when  interworking  between  PCM  multiplexes  based  on  different  standards  is 
defined. 

Therefore  Study  Group  VII  asks  Study  Group  XVIII  to  reply  as  soon  as  possible 
to  Question  ll/XVIII.  In  particular,  a  list  of  important  features  as  regards  digital 
data  is  given  below  : 

-  will  the  61*  kbit/s  telephone  and  data  paths  be  shared  or  not  ?  If  yes, 
on  which  basis  I 

-  Will  signalling  links  (X.60,  X.75,  -  )  be  carried  under  specific  paths  or 

not  7 


Between  two  61*  kbit/s  accesses,  one  located  in  an  A-lav  country  and  the 
other  in  a  u-law  country,  will  the  61  kbit/s  bit  stream  be  altered  er  r.ot  * 


studied 


{ continuation  of  Question  6 'XVIII, 
Considering 


in  1977-1980) 


(a)  That  interface  apacif icationa  are  accessary  to  interconnect 
digital  network  coaponanta  (line  sections,  multiplex 
equipment)  to  fora  an  international  digital  path. 

(b)  that  international  digital  paths  can  be  interconnected  through 
digital  twitching  equipment  and  terminated  in  digital  terminal 
equipment  to  fora  an  international  digital  connection. 

(e)  That  an  international  digital  path  and  an  international  digital 
connection  provide  for  the  tranaalaalcn  of  a  digital  signal 
(bite)  at  a  specified  hierarchical  bit  rate.  Independent  of  the 
service  carried  by  the  digital  signal. 

(d)  That  to  ensure  the  interconnection  of  network  components  for 
the  transmission  of  digital  signals  (bits)  it  is  sufficient  to 
specify  physical,  functional  and  electrical  characteristics  of 
the  Interface. 

(e)  That  aspects  of  digital  Interfaces  relating  to  the  content 
(e.g.,  signalling  protocols)  of  the  digital  signal  -  transmitted 
over  the  Interface  are  dealt  with  in  other  Questions  of  SCXVXII 
or  by  these  study  groups  concerned  with  the  service  carried  by 
the  digital  signal. 

(f)  That  lecoameadatloo  6.703  specifies  digital  interfaces  for 
interconnection  of  digital  network  coeponents  at  hierarchical 
bit  rates  only. 

(g)  That  latarfaces  at  hlararchlcal  bit  rates  lor  purposes  other 
chan  directly  providing  transmission  interconnection  00  an 
international  digital  connection  (e.g.,  timing  control 
distribution)  may  require  specification. 

(h)  That  KatiwaniUcloo  C.703  is  referred  to  in  other  Recoumend- 
atioea  on  lime  sections  sad  00  terminal,  multiplex  aad 
switching  equipment. 

(I)  That  Interfaces  a£  non-hierarchicai  bit  rates  shall  bn 
specified  in  the  relevant  equipment  rec emendations. 

(J)  That  the  evolution  of  digital  technology  nay  require  the 
specification  of  hierarchical  levels  at  bit  rates  other  than  these 
specified  at  present  in  lecoama ndatlon  C.703. 

(k)  That  for  earns  latarfaces  of  aecoamandatlos  6*703  tho  values  for 
jitter  require  further  study  end  for  othor  interfaces  the  need 
for  jitter  specification  and  if  appropriate  the  values  for 
jitter  have  to  be  established. 
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1.  Should  interfaces  other  than  those  specified  in  Recommendation  G.703  be 
recommended  7 

2,  What  characteristic*  should  be  recomsendsd  for  the** 
interfaces,  including: 

-  Electrical  characteristics 

-  Functional  characteristics 

-  Physical  characteristics 

-  Any  restrictions  on  the  digital  signals  crossing  tua 
inte-fc.-.e. 

3-  For  Interfaces  presently  quoted  in  EUcowteodation  G.703: 

-  Is  there  a  need  for  additional  specifications  for  jitter  and  wander  7 

-  If  so,  what  values  should  be  specified  7 

1*.  What  is  the  impact  that  new  transmission  media  (e.g.  optical  fibres)  will 
have  on  interfaces  7 

QUESTION  16/XVIII  -  Performance  characteristics  of  PCM  channels  at 
audio  frequencies 

(Continuation  of  part  of  Question  8/XVIII,  studied  in  1977-1980) 

Considering 

-  that  some  specification  items  in  the  Recommendations  G.711  and  G.712  need 
to  be  completed; 

-  that  within  a  widespread  digital  network,  it  is  envisaged  that  a  telephony 
connection  will  ultimately  require  only  a  single  encoding/decoding  process  for  each 
direction  of  transmission; 

-  that  independent  encoder  and  decoder  will  be  incorporated  in  each  telephony 
connection  and  thus,  separate  transmit  and  receive  side  specifications  at  audio 
frequencies  are  needed; 

-  that  for  application  in  local  area  or  with  digital  exchanges,  provision 
for  2-wire  analogue  interface  3hould  also  be  considered; 

a)  What  modifications  to  existing  Recommendations  G.711  and  G.712  should  be 
made  7  For  example,  the  value  for  longitudinal  balance  should  be  studied  and 
specified.  Also  the  necessity  fcr  the  digital  sequence  for  reference  frequency  and 
the  necessity  for  high  pass  filtering  in  analogue  to  digital  converters  should  be 
studied. 

b)  What  are  the  values  and  limits  to  be  specified  for  the  audio  frequency 
performance  characteristics  of  PCM  channels  measured  at  the  2-yire  point  7 


c)  What  are  the  values  and  limits  to  be  specified  for  the  performance 

characteristics  of  PCM  channels  at  audio  frequencies  when  the  transmit  side  and  receive 
side  are  measured  separately  7 

Note  1  :  The  measuring  method  for  longitudinal  balance  is  under  study  in  Study  Group  I\ 
Study  Group  XVI  is  also  studying  this  matter. 

Note  2  :  With  respect  to  the  digital  sequence  for  reference  frequency, 

Recommendation  G.101  should  also  be  considered. 
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Annex  1 


(to  Question  lo/XYIII) 

Longitudinal  balance  specifications 


The  item  contained  in  paragraph  U.3  of  Recommendation  G.T12  (longitudinal 
balance)  was  discussed  taking  note  of  COM  XVIII-No.  77  (FRG)  and  COM  XVIII-No.  271 
( Canada- ENR) .  These  two  Contributions  are  appended  to  this  Annex. 

Study  Group  XVIII  identified  the  urgent  need  to  determine  the  values  for 
longitudinal  balance  as  well  as  the  corresponding  measuring  method.  Although 
Study  Group  IV  is  aware  that  a  figure  for  longitudinal  balance  can  only  be  given  if 
the  corresponding  measuring  method  is  clearly  defined,  a  specification  for  the 
measuring  method  does  not  exist  as  yet.  For  this  reason,  it  is  proposed  that 
Study  Group  IV  should  pick  up  this  matter  during  the  next  study  period  and  prepare  a 
Recommendation  concerning  the  measuring  method  of  longitudinal  balance  on  equipment 
inputs  and  outputs. 

In  view  of  this  situation,  it  seems  not  to  be  advisable  to  complete 
paragraph  U.3  of  Recommendation  G.712  still  during  the  current  study  period. 


Appendix  1 

(to  Annex  1  to  Question  16/XVIII ) 

Amendment  of  Recommendation  G.712  :  Specification  of  impedance  unbalance 
(Contribution  from  the  Federal  Republic  of  Germany) 


1 .  Background 

Item  4.3  in  Recommendation  G.712  is  designated  since  1972  as  being  "under 
study".  However,  no  contribution  has  since  been  presented.  Nevertheless  it  is 
desirable  to  complete  G.712  in  this  respect. 

2.  Proposal  for  item  U.3  in  Recommendation  G.712 

"U.3  Impedance  balance  ratio 

The  impedance  balance  ratio,  measured  by  means  of  the  circuit  defined  in 
Recommendation  0.121,  Fig.  1,  should  not  be  less  than  U6  dB  in  the  range  300  to 
3U00  Hz." 


3.  Remarks 

3.1  Terminology 

The  term  "longitudinal  balance",  so  far  employed  in  Recommendation  G.712,  is 
rarely  used  in  CCITT  publications.  Instead,  "impedance  balance  ratio"  is  used  in 
Recommendation  0.121.  Other  terms  are  employed  elsewhere.  An  ad  hoc  Working  Party 
of  Study  Group  V  and  Study  Group  XVI  (London,  December  1975)  has  proposed  a  set  of 
new  terms  in  respect  of  unbalance  (cf.  Doc.  COM  XVI-No.  7)  the  discussion  of  which  in 
Study  Groups  V  and  XVI  is  not  concluded. 


(22) 


-  132  - 

COM  XVTII-No.  1-E 


3.2  Practical  usefulness 


The  method  prescribed  in  Recommendation  0.121  is  well  established  and  is 
used  in  existing  commercial  measuring  equipment.  The  IEC  recommends  the  same  method 
for  impedance  unbalance  measurements  in  the  field  of  electro-acoustics 
(IEC  Publ .  268-3). 

3.3  Numerical  value 


With  respect  to  possible  cross  Ik  due  to  impedance  unbalance,  the  values 
of  unb_j.ance  of  connecting  cables  in  a  stacion  are  of  more  importance  than  those  of 
t-he  audio-frequency  terminals  of  a  PCM  multiplex  equipment.  Accordingly,  for  the 
latter,  a  value  of  1*6  dB,  as  stated  in  Recommendations  K.10  and  Q.^5,  will  be 
sufficient.  It  does  not  seem  necessary  to  relax  the  requirement  in  the  range  300  to60C 
Hz  as  in  Recommendations  K.10  and  Q.l»5  since  G.712  relates  to  four-wire  ports  where 
problems  with  feed  coils  do  not  arise. 


Appendix  2 

(to  Annex  1  to  Question  16/XVIIl) 


Proposal  for  longitudinal  balance  specifications  for  inclusion  in  Recommendation  0.712 
(Contribution  from  Canada  :  Bell  Northern  Research) 


Abstract 


This  contribution  propose*  a  tat  of  values  and  the  associated  test  m  od 
for  longitudinal  balance  for  lnclualon  la  Recommendation  G.712. 


Int  r  oductlon 


In  the  preliminary  reply  to  Question  9/XVIII  (COM  XVHI-No.234,  Period 
1977-1980)  Working  Party  XVIII/2  atreaaed  the  need  to  complete  Recommendation  G.712 
during  the  current  study  period.  One  of  the  lteae  presently  under  study  in 
Recommendation  G.712  Is  longitudinal  balance. 

Measurements  of  longitudinal  balance.  In  particular,  depend  on  the  test 
method  used.  This  contribution  therefore  proposes  a  set  of  values  and  the  associated 
test  eethod  for  longitudinal  balance  for  inclusion  In  Recommendation  G.712. 

2.  Teat  Method 


In  the  past,  several  teat  methods  for  longitudinal  balance  measurements 
have  been  uaed  In  Canada  and  ulaswhere  In  North  America. 

In  an  attempt  to  resell  agreement  on  a  single  method  of  testing  longitudinal 
balance  "IEEE  STANDARD  455-1976"  was  developed.  This  standard  describes  the  test 
procedure  for  measuring  longitudinal  balance  of  telephone  equipment  operating  In  the 
voice  band  and  is  gaining  wide  acceptance  In  Canada.  Comparative  tests  of 
longitudinal  balance  on  various  aevlc.es  with  four  test  sets  constructed  Independently 
according  to  the  IEEE  Standard  demonstrated  the  reproducibility  nf  measurement *>  *r.H 
wera  submitted  to  CCITT  (COM  XVI-No.73,  Bell-Northern  Research  Period  1977-1976). 
CCITT  Study  Group  V  is  also  considering  at  present  the  merits  of  the  IEEE  Standard 
(COM  V-No.22,  COM  XVI-No.43,  Period  1977-1980). 
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Figure  1  show*  the  test  circuits  for  measuring  longitudinal  balance 
according  to  the  IEEE  standard.  The  degree  of  longitudinal  balance-  the  ratio  of  the 
disturbing  longitudinal  voltage  Vs  and  the  resulting  metallic, voltage  Va  of  the 
network  under  test,  expressed  in  dB,-  is: 


Longitudinal-balance 


20  log1# 


Zi 

v« 


[dB] 


tfe  propose  to  use  the  test  method  described  in  "IEEE  STANDARD  455-1976”  and 
as  shown  in  Figure  l  whan  measuring  longitudinal  balance  of  FCM  multiplex  equipment. 


3.  Lougitudinal  Balance  Requirements 

Figure  2  shows  one  test  method  which  has  been  widely  used  in  Canada  and 
elsewhere  in  North  America  in  the  past.  Other  test  methods  were  also  used. 

Longitudinal  balance  for  the  test  method  shown  in  Figure  2  was  expressed  as 

|V  I 

Longitudinal  balance  “  20  log^  [dB]  and 

minimum  longitudinal  balance  requirements  for  the  4-wire  ports  of  FCM  multiplex 
equipment  were: 

200  Hz  86  dB 

1000  Hz  80  dB 

3000  Hz  78  dB 

PCM  multiplex  equipment  designed  and  manufactured  meeting  these  requirements  is 
operating  satisfactorily  in  the  neework  today. 

Taking  these  existing  requirements  as  s  base,  conversion  factors  had  to  be 
derived  to  determine  equivalent  longitudinal  balance  requirements  for  use  with  the 
proposed  test  method  of  Figure  1. 

Theoretical  analysis  and  aeaeut'en^ntt  conducted  at  Bellr-grrthern  Bssearch 
show  that  for  all  practical  purposes  a  conversion  factor  o l  0  dl  '.an  be  used  over  the 
voice  frequency  band  as  long  as  the  longitudinal  impedance  of  the  test  specimen 
exceeds  30  k  ohms.  Since  4-V  ports  cf  VCH  multiplex  aquipsumt  geo* rally  have  a 
longitudinal  Impedance  in  the  order  of  ICO  k  ohms  a  0  dB  conversioa  factor  can  be 
used. 


Therefore,  we  propose  to  Include  the  follow* ag  longitudinal  balance 
requirements  for  the  4-W  ports  into  BecosSfu.ti.tion  0.712: 

Frequency  [Hz]  Minimum  Longitudinal  balance  [dB] 


200 

1000 

3000 


86  dB 
80  dB 
78  dB 
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4*  Proposal  for  Inclusion  in  Recommendation  G.712 


Summarizing  the  considerations  under  Itemel,  2  and  3,  we  propose  to  amend 
Recommend a cion  G.712  as  follows: 


4*1  Bee. G.712,  Item  1,  Third  Paragraph 

Amend  the  third  paragraph  to  read: 

'The  values  and  limits  specified  are  those  which  should  be  obtained  in 
4-wire  measurements  using  two  PCM  multiple*  terminal  equipments  connected 
back— to— back  (except  for  5.3  below)  and  with  the  input  and  output  ports  of 
the  channels  terminated  with  their  nominal  impedance  (except  for  4.3 
below).'  - - 


4.2  lac. G.712,  Item  4.3 


Delete  'Under  study*.  Insert  the  following  text: 

longitudinal  balance  should  be  measured  in  accordance  with  the  driving  test 
circuit  and  the  terminating  test  circuit  shown  in  Figure  1  of  Annex  2 


Longitudinal  balance  la  defined  as 

2°  W*1 

(  m 

The  minimum  longitudinal  balance  should  be: 


200  Ux  86  dB 
1000  Hz  80  dB 
3000  Hz  78  dB 


4.3  lac. G.712,  Hew  Annex  2 


ANNEX  2 

(to  Becommendaclon  G.712) 

Test  Circuit  for  Longitudinal  Balance  Measurements 

Figure  1  shows  the  standard  driving  and  standard  terminating  test  circuits 
for  longitudinal  balance  measurements.  Nominal  impedance  values  are: 


2  Z  2*  Z  Z  k  368  ohms 

Z  s  2000  ohms 

Z_  736  ohms 

m 

A  full  description  of  the  test  procedure  for  measuring  longitudinal  balance 
of  telephone  equipment  operating  in  the  voice  band  is  given  in  'IEEE  STANDARD 
455-1976'. 


!  v 

i 

i  v* 

— m - 

■m 

• 

Te»t 

ft 

_ L 

1 

1 

specimen 

'IlfJ 


\22 ) 


(a)  Standard  driving  test  circuit  for  measurement  cf  single 
port  and  two  port  networks. 


ccmutt.*  j 
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Annex  2 

(to  Question  16/XVIIl) 

Study  Group  XV  (Geneva  Meeting,  25  June-13  July  1979)  extract  from 
the  Report  of  the  Working;  Party  on  Echo  Suppressors 
(Contribution  COM  XV-No.  32U) 

"The  Echo  Suppressor  Working  Party  took  note  of  the  extract  from  the 
preliminary  report  to  Question  17/XVTII  and  of  the  extract  of  preliminary  reply  to 
Question  1/XVIII  and  the  need  for  disabling  of  an  echo  suppressor  or  canceller  when 
used  in  an  integrated  services  digital  network.  Present  designs  of  echo  suppressors 
and  cancellers  include  an  external  enable/disable  control  but  do  not  presently 
recognize  a  signal  which  indicates  bit  integraty  is  required.  Further  information  will 
be  required -by  Study  Group  XV  before  such  disablers  can  be  designed. 

Study  Group  XVIII  is  further  advised  that  Recommendation  G.712  (Figure  1/G.712) 
does  note  require  the  use  of  high  pass  filtering  in  A/D  conventers  how  frequency 
interference  from  power  supplies  is  therefore  not  attenuated.  This  makes  it  necessary 
for  any  following  digital  equipment  (particularly  those  using  speech  detectors)  to 
provide  high  pass  filtering.  Study  Group  XVIII  are  asked  to  consider  the  possibility 
of  p',*oviding  appropriate  high  pass  filtering  in  A/D  conventers  recommended  in  G.712 
having  due  regard  to  the  total  system  economics". 


(to  Question  16/XVTII) 

A  proposal  for  specifications  on  performance  characteristics 
of  2-wire  PCM  channels  at  audio  frequencies 

(Contribution  from  Nippon  Telegraph  and  Telephone  Public  Corporation) 


1.  Introduction 

CCITT  Ree.  G.712  specifies  performance  characteriatica  only  for  4-wire 
PCM  channela  at  audio  frequenciea.  It  ahould  be  noted,  however,  that  PCM 
multiplex  equipmente  with  2-wire  PCM  channela  have  been  widely  uaed  for  trans- 
miaaion  between  2-wire  analog  exchangee,  or  for  pair  gain  eyateme  in  local 
areas,  and  will  be  uaed  for  digital  local  exchanges.  CCITT  Study  Group  XI 
is  preparing  the  draft  recommendations  for  digital  transit  and  local  exchanges 
,  where  2-wire  analog  interfaces  as  well  as  4-wire  analog  interfaces  are 
involved. 

HTT  ia  of  the  opinion  that  Study  Group  XVIII  ahould  study  the  performance 
characteriatica  of  2-wire  PCM  channela  at  audio  frequenciea,  and  specify  the 
values  and  limits  aa  soon  as  possible  in  order  to  avoid  the  diversification 
of  the  specification  for  2-wire  PCM  multiplex  equipments. 

This  contribution  proposes  performance  characteristics  of  2-wire  PCM 
channels  as  a  base  for  the  study  in  the  1981-1984  study  period. 
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2.  Proposed  specification*  for  2-wire  PCM  channels  at  audio  frequencies 

A  transmission  path  A-B  shown  in  FIGURE  1  is  defined  as  a  2-wire  PCM 
channel.  The  values  and  limits  to  be  specified  are  those  which  should  be 
obtained  in  2-wire  measurements  using  two  PCM  multiplex  equipments  with 
2-wire  PCM  channels  back-to-back  and  with  input  and  output  ports  of  the 
channels  terminated  with  their  nominal  impedance. 

Further  study  is  required  for  the  separate  specifications  of  the  send 
and  the  receive  sides  of  2-wire  PCM  channels. 

2.1  Attenuation/ frequency  distortion  (Corresponding  to  Sec. 2/C. 712) 

The  variations  with  frequency  of  attenuation  of  any  channel  should  lie 
within  the  limits  shown  in  the  mask  of  FIGURE  2. 

The  reference  frequency  is  800  Hr.  The  input  power  level  should  be 
0  dbmO. 

2.2  Return  loss  (Corresponding  to  Sec. 4. 2/C. 712) 

Th*.  departure  from  the  nominal  value,  measured  as  return  loea  against 
the  nominal  value,  should  not  he  less  than  12  dl  over  the  frequency  range  300 
to  400  Ha  and  less  than  IS  dl  over  600  to  3400  Ha. 

2.3  longitudinal  balance  (Corresponding  to  Sac. 4. 3/C. 712) 

Further  study  la  needed. 

Hotel  Longitudinal  balance  for  2 -wire  PCM  choanal a  must  be  specified. 
Roe.Q.43  may  be  referred  to. 

2.4  Stability  mU  echo  loaa  (Haw  items  for  2-wire  PCM  chammnls) 

glace  a  2-wire  (CM  multiplex  equipment  contains  hybrid  circuits  for 
conversion  batmens  2-wire  and  4 -wire, the  transmission  loaa  of  the  path  T-A-3 
shows  in  FI  COM  1  from  the  point  of  view,  of  stability  ami  of  echo  should 
be  specified. 

It  should  be  noted,  however,  that  the  loaa  of  the  path  T-A-0  depends 
on  the  losses  of  the  pads,  X  end  T  and  the  characteristics  of  the  bandpass 
filtera  shown  in  FIGURE  1.  Since  the  values  of  the  losses  due  to  these 
circuits  are  left  to  Administrations  involved,  the  balance  return  loss 
component  of  the  total  loaa  for  the  path  T— A— U,  defined  in  Rec.  C.122  may 
be  a  possible  specification  for  the  stability  and  the  echo  requirements. 

The  measuring  method  as  well  as  the  values  for  the  balance  return  loss 
and  the  echo  balance  return  loss  should  be  further  studied  and  specified. 

2.5  Discrimination  against  out-of-band  input  signals  (Corresponding  to  Sec. 6 
/G.712) 

Rec.  G.712  Sec. 6  specifies  the  loss  in  the  range  4.6-72  kftt-  For  2-viTe 
PCM  channels,  it  aught  be  necessary  to  specify  the  loss  arround  50  Hr  in 
order  to  discriminate  the  interference  from  power  cables.  Further  study  is 
required. 

2.6  Co-to-retum  crosstalk  (Corresponding  to  Sec.l3/G.712> 

Since  it  is  difficult  to  measure  go-to-retum  crosstalk  for  2-wire  PCM 
channels,  this  item  is  left  unspecified. 

2.7  Other  items 

For  items  other  than  those  presented  shove,  the  same  specifications  ss 
those  recommended  in  Rec.  G.712  for  4-wire  PCM  channels  should  basically  be 
applied  to  2-wire  PCM  channels. 

3.  Conclusion 

KTT  proposes  that  Rec.  G.712  should  involve  performance  characteristics 
of  not  only  4-wire  PCM  channels,  but  also  2-wire  PCM  channels.  The  values 
and  limits  presented  above  are  proposed  as  a  base  for  further  study. 
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Tentative  values  for 


On  the  basis  that  the  lisits  would  be  open  1c  future  amenuaent,  it  was 
agreed  that  sole  tentative  values  should  be  proposed  for  some  of  tie  parameters  that 
renuirc  separate  specification.  It  was  felt  by  delegates  that  if  cumbers  exist  then 
this  will  encourage  people  to  carry  out  measurements  and  further  studies  in  order  to 
determine  whether  the  limits  are  feasible  and  realistic. 

In  proposing  values,  the  basic  concepts  of  a  standard  sand  side  «cd  a  standard 
receive  analyser  were  accepted,  the  definitions  of  such  hypothetical  devices  are  as 
follows  : 


a)  A  standard  send  side  is  a  hypothetical  device  which  is  absolutely  ideal. 

a  perfect  analogue  digital  converter  preceded  by  an  ideal  low  pass  filter  (assume! 
to  have  no  frequency  attenuation  distortion  and  no  envelope  delay  distortion)  or  it  is 
a  digital  processor  which  simulates  the  above. 

b)  A  standard  receive  analyser  is  a  hypothetical  device  which  is  either  a 
standard  receive  channel  that  is  absolutely  ideal,  ie  a  perfect  digital  to  aamlogue 
converter  followed  by  an  ideal  low  pass  filter  (assumed  to  bare  no  frequency 
attenuation  distortion  and  no  envelope  delay  distortion)  on  it  is  a  digital  processor 
.which  simulates  the  above. 


In  practice  it  is  envisaged  that  teat  equipment  baaed  on  these  concepts, 
will  became  available.  Although  such  equipments  might  not  be  perfect  they  should 
have  adequate  accuracy. 


i)  Attenuation  - 


distortion 


Sacb  of  the  Units  for  the  i 
C.T12  limit. 

Cnmarnt  :  this  reflects  the 
of  Uorkiag  Party  XYIII/2- 


receive  si  fee  should  be  half  of  the 


al ready 


at  the  last  meeting 


Each  of  the  limits  for  the  maod  sad  receive  sides  should  be  half  of  the 
G.712  Halt.  In  addition,  the  upper  Halts  for  tie  value  oT  the  minimal  group 
propagation  delay  should  be  half  of  the  G.712  Halt. 

Comaest  :  seme  delegatee  expressed  doubt  about  the  feasibility  of  carrying 
out  such  meesurestnta  in  practice  but  at  least  this  requirement  should  be  considered 
aa  a  design  objective.  One  delegate  suggested  that  the  presence  of  s  teai  rejection 
filter  only  on  the  send  side  of  soce  equipment  might  men  that  sore  than  half  of  tbe 
overall  limit  should  be  allocated  to  the  send  site. 

With  regard  to  the  limits  for  the  min  1mm  group  propagation  daisy,  some 
delegates  considered  that  a  slightly  larger  allowance  should  apply  to  the  encoding 
function  because,  for  examole.  It  would  seem  reasonable  for  a  single  channel  encoder 
to  take  up  to  125  ms  to  produce  an  output  code  word.  la  the  decoder,  the  reconstructed 
output  is  available  almost  immediately  after  the  application  of  the  Input  cote  word. 
Even  with  100  *  sample  and  hold  the  consequential  delay  Is  only  62.5  m3.  It  might  be 
appropriate  to  allocate  the  separate  limits  by  applying  the  following  equation  * 

2F  *  125  *  62-5  =  G.712  limit 
where  F  is  the  delay  of  the  filters. 
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iii)  AOjustemt  of  relationship  between  er.cciLr.jt  i-v  grf  »  I 

Tb*  *ei.-i  accuracy  of  each  of  the  seed  mod  receive  sides  should  he  -  0.3  dS. 

•Mist  :  this  is  tbs  MH  requirement  thst  already  exists  is  0.712 

perecrajh  iT. 

i»l  Short  sad  lacs  tgs  stability 


Th  of  the  send  sad  receire  limits  should  he  half  of  the  0.712  limits 


*)  Total  dietoatiom  imeladus;  Quart it- ns  distortion 
Method  1  —  Boise 

The  foliowlac  limits  sre  bmsed  upon  calculations  of  stst  separate  limits 
arm  required  to  guarantee  the  C.712  overall  perfermam'a.  for  say  comb  Inst  ion  of  send 


TABLE  2 

giamal  to  total  distortioB  ss  s  ftetim  of  input 
leeel  (dB)  -  Method  1 


1 - 

Ups* 

level 

krlmt 

lr- lee 

aide 

Beceive 

aide 

Send 

aide 

deceive 

aide 

-3 

27-9 

29.1 

26.1 

23.9 

~o 

35.5 

36.7 

35-7 

36-5' 

-27 

35-X 

36.k 

3k.9 

36.0 

-3* 

33.* 

3k-7 

33-2 

3*. 3 

-*0 

28.8 

30.1 

30.0 

30.5 

-55 

13-7 

15-0 

15-0 

7«  < 

Bote  :  The  mask  is  corns tructed  hr  interconnecting  the  points  by  straight  lines. 

Method  2  ~  siam  ytn 


Tbs  follow ia(  limits  are  based  upon  calculations  of  abet  separate  limits  are 
required  to  guarantee  the  6-712  asarmll  performance  for  any  caociastloe  of  send  and 
receive  aides.  Be 


.os  as 


.sgu 


leve*  {d3?  -  Method  2 


A- law 

!  b-i 

- _ 

Input 

So. 

252 

Del 

ayed  51 

Belayed  51 

3C 

|^| 

Send 

side 

receive 

side 

5*  si 

side 

i 

Bccti^e 

0 

34.5 

3b.O 

35-3 

3b.  4 

35-3 

36-4 

-30 

34-5 

3b.S 

35-3 

36.4 

35-3 

35^ 

-40 

28.5 

35-0 

29-3 

30.4 

2f-3 

30.4 

-45 

23.5 

25.0 

24-3 

25.4 

24.3 

25-4 

Sate  :  The  auk  is  const: racted  by  istercoasectiag  the  points  by  straight  lio-a. 

CoMtat  :  the  Halts  shore  is  Tables  2  and  3  are  extracted  Treat  the 
Belayed  Contribution  31  except  for  star  of  the  values  shorn  is  table  3  shies  are 
extracted  firm  Contribution  CCM  XTIH-lo.  2J2- 

They  are  all  based  ca  calcnlatioaa  to  determine  what  separate  scad  and 
receive  performer  re*,  are  required  is  order  to  guarantee  that  for  any  caadsisatioe  of 
send  as*;  receive  sides,  the  existing  overall  limits  eosstsised  is  6.112  are  always  set 
far  a ay  input  level.  The  overall  lisit  is  apportioned  sse  s  2  :  1  basis  is  favour  of 
the  seed  side.  The  limits  so  derived  leave  iitue  ■rssf sc  taring,  sargiu  and  all 
delegates  agreed  that  these  valuer  ai^tt  cot  he  achievable-  isvertr,  it  was  agreed 
that  they  should  form  the  basis  for  further  study . 

The  Annex  of  Belayed  Contribution  E  is  s  theoretical  analysis  of  the  «5ss*t 
at)  it  is  reproduced  u  Appendix  1  to  this  sejart. 

for  the  theoretical  background  to  the  Italian  docaaest  reference  cars  he 

aade  to 

ALTA  PE® 3CA  So.  2  Tolusae  XLT*  -  1975.  pages  5T-€5,  titled 

transmitting  asi  receive  esds  of  PCS  multiplexers* 

by  C.6.  Capecehiacci  asd  JUS.  Molisari- 

Tbese  so  references  should  be  studied  to  decide  which.  as^Uoa  are 
more  valid  because  there  are  3 cue  differences  which  could  ms  be  res rived. 
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vi)  Idle  channel  noise 


Figure  1  shows  the  measuring  arrangements  together  with  a  summary  of  the 
various  proposals.  In  comparing  the  proposals  for  the  send  sides,  the  only  difference 
is  the  limits.  For  the  receive  side,  some  delegates  considered  it  necessary  to 
introduce  the  signal  shown  as  Xi  which,  in  effect,  -is  a  test  to  ensure  that  the  decoder 
quantum  step  sizes  are  not  excessively  large.  -  Other  delegates  considered  that  tms 
extra  complexity  was  not  necessary  since  other  requirements,  such  as  quantizing 
distortion  and  linearity,  ensure  that  the  quantum  step  sizes  are  reasonably  precise, 
'this  point  requires  further  study. 


m  (ukpo) 

252  (IUly) 

28#  (France) 
29#  (FRG) 

SI  (NTT) 

306  (ATT) 

A1 

- 

- 

- 

Bo 

-  66  dBatip 

-  67  dBmOp 

-  68  dBaOp 

Xi 

- 

-  67  dBaOp 
coded  white  noise 

1)  idle  code 
11)  * 

To 

-  75  dBaOp 

-  65  dBaOp 

i)  -  75  dBmOp 
11)  -  65  dBmOp 

*-68  dBaOp  coded  white  noise  with 

variable  do  bias  of  ♦  7  quantum  steps 

Figure  1  -  Idle  channel  noise  measurement  arrangements  and  limits 


vil)  Inter-channel  crosstalk 


For  both  far  end  and  near  end  crosstalk,  It  wa3  recognised  that  there  were 
two  contribution.*  to  each.  These  are  termed  local  and  distant  terminal  contributions. 

After  considering  the  various  contributions  and  after  considerable  discussion, 
it  was  agreed  that  the  method  of  defining  crosstalk  in  G.712  is  not  entirely 
satisfactory  since  the  gain  enhancement  effects  that  can  occur  in  encoders  at  very  low 
input  levels  mask  the  real  crosstalk.  A  test  method  that  effectively  evaluates  the 
analogue  crosstalk  is  much  more  appropriate  and  it  was  noted  that  a  number  of  earlier 
contributions  have  been  made  on  this  subject  (COM  SpD-No.  59,  August  1970  and 
COM  XVIII-No.  8).  They  are  all  based  upon  the  concept  or  adding  a  low  level  activating 
signal  Into  the  disturbed  channel. 

Figure  2  illustrates  the  measuring  arrangements  that  are  appropriate  as  a 
basis  for  further  study. 
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Figure  2  -  Near  and  far  end  crosstalk 
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However,  the  eventual  limits  may  be  somewhat 

different  because  of  the  less 

stringent  requirement  of  C.712  in  respect  of  this  parameter. 
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lx)  Variation  of  gain  with  input  level 

It  was  noted  that  this  was  another  parameter  for  which  the  two  posi.it:-  'est 
methods  represent  a  different  level  of  stringency;  the  metnoc  paseo  upon  me  <_f 
sine  wave  signals  being  generally  much  more  easy  to  satisfy.  For  the  latter,  a  split 
of  the  overall  limit  on  a  1  :  1  basis  between  the  send  and  receive  sides  was  net 
considered. to  pose  any  real  difficulties. 

The  limits  shown  in  Table  V  are  based  upon  the  figures  in 
Delayed  Contribution  BI  which  are  calculated  assuming  worst  case  addition  for  any 
combination  of  send  and  receive  sides.  The  group  considered  them  suitable  as  the 
basis  for  further  study. 


TABLE  U 

Variation  of  gain  with  input  level  -  Method  2  (sine) 


Input  level 

Send  or  receive  side 

dBoO 

limit  (dB) 

*  3  -  -  DO 

♦  0.25 

-  60  -  -  50 

♦  °-7 

-  50  -  -  55 

♦  1.8 

In  the  case  of  Method  1  (noise),  it  was  not  possible  to  agree  on  what  basis 
the  overall  limit  should  be  split.  Some  delegates  favoured  an  equal  split  while  others 
thought  a  split  in  favour  of  the  encoder  to  be  more  aopropnate. 

All  delegates  agreed  with  the  view  that  the  requirement  for  the  input  signal 
range  -  55  to  -  60  dcmO  was  very  stringent  and  possibly  unnecessary.  Beaming  in  mind 
that  these  signal  levels  are  down  in  the  same  order  as  crosstalk  and  noise  signals 
present  on  the  system,  this  point  should  be  studied  further.  As  a  basis  for  this  work, 
it  was  recognised  that  the  Appendix  of  COM  XVIII-Ho.  252  (Italy)  is  a  useful  document 
and  this  is  appended  to  this  report. 

7 .  Additional  observations 

During  the  discussions  a  number  of  observations  of  a  general  nature  were 
made.  These  points  were  not  considered  to  be  within  the  terras  of  reference  of  the 
group,  but  are  nevertheless  brought  to  the  attention  of  Working  Party  2/XVIII. 

i)  Some  delegates  noted  the  poor  correspondence  between  the  two  methods 
recommended  for  testing  total  noise  and  linearity  as  defined  in  C.712.  In  particular, 
the  linearity  required  at  very  low  levels  for  the  noise  test  method  is  very  stringent 
and  it  is  recommended  that  the  need  for  this  level  of  performance  should  be  reassessed. 


i i i  Some 
to  reflect  the 


iclegatcs  noted  that  ope 
results  of  the  study  of  sepurm  •> 
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pro s f icution  of  PCM  channels. 
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TABLE  1 


Parameter 

New  limits 
required  for 

Comment 

Send 

side 

Receive 

side 

Attenuation  frequency 

/ 

Envelope  delay 
distortion  and  minimum 
group  propagation  delay 

/ 

Iapcdence  and  return 
loss 

- 

- 

already  covered 

in  G.T12 

Longitudinal  balance 

- 

- 

Idle  channel  noise 

/ 

Single  frequency  noise 

- 

- 

already  covered  in 
in  G.712.  These  are 
only  applicable  to 
receive  side 
performance 

Receiving  equipment 
noise 

- 

- 

Discrimination  against 
out-of-band  input 
signals 

already  covered 

G.712.  Only 
applicable  to  send 
aide  performance 

Spurious  out-of-band 
signals  at  output 

already  covered  in 
G.712.  Only 
applicable  to  the 
receive  side 
performance 

Intennodulation 

Working  Party  2  has 
previously  agreed 
that  it  is  not 
necessary  to 
separately  specify 

Total  distortion 
including  QD 

/ 

Spurious  in-band 
signals  at  channel 
output 

I 

1 

_ l 

j 

the  Group  considered 
that  it  was  not 
necessary  to 
separately  specify  I 
this  parameter  j 
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Appendix  1 

(to  Annex  k  to  Question  16/XVIII) 

Separate  specification  on  total  distortion  including 
quantizing  distortion 

(Contribution  from  Nippon  Telegraph  and  Telephone  Public  Corporation) 


1.  Allocation  of  total  distortion  to  sending  and  receiving  sides 

Notations  used  in  the  Appendix  are  shown  in  Figure  6.  The  following 
assumptions  are  considered  here. 

(1)  In  Figure  1,  degradation  in  sending  side,  Ng,  and  degradation  in  receiving 

side  N  ,  are  assumed  to  be  added  on  a  power-sum  basis. 

R 

(2)  In  Figure  1,  Ng  is  permitted  a  times  as  much  as  N^.  From  circuit  experiences, 
a  =  2  seems  reasonable. 


CODER  I 


i  DECODER  1 


Figure  1  -  Degradation  in  a  codec 

The  signal-to-total  distortion  ratio  for  the  end-to-end  of  the  codec  is  written  as 

(s/n)sr  =  S/(Nq  +  ns  +  Nr) . (1) 

Measuring  separately,  S/N  values  for  a  coder  and  a  decoder  are  respectively  given 
as  follows  : 

(S/N)s  =  S/(Nq  +  Ns)  I 


(S/N)R  -  S/(Nq  +  Nr)  j 

Now,  from  Eq.  (l)  and  Eq.  (2),  the  following  inequalities  can  be  written. 


(S/N)s  =  S/(Nq  +  Ng)^  10 


(S/N)0  =  S/(Nn  +  Np)  — 10 


(s/N)sr  =  S/(Nq  +  Ns  +  Nr)  2=  10 


When  a  coder  satisfying  Eq.  (3)  and  a  decoder  satisfying  Eq.  (4)  are  connected,  the 
end-to-end  performance  of  the  codec  should  satisfy  Eq.  (5).  Then,  the  following 
condition  should  be  mat. 


■“•♦io'*sio'^+1o"* 


From  assumption  (2)  mentioned  above. 


10  10  *cK  (10  10  +10  10  ) 


is  obtained. 
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Now,  curves  can  be  drawn  which  represent  Eq.  (6)  and  Eq.  (7)  for  given  f  and 
g.  Since  f  t  nd  g  are  dependent  upon  the  input  level,  SL  ,  a  number  of  curves  can  be 
obtained  corresponding  to  JL  .  In  order  to  guarantee  the  existing  G.712  S/N  limit 
when  a  coder  and  a  decoder  are  interconnected,  the  level, £  ,  which  maximizes 
(g  -  f),  should  be  used.  In  Fig.  7(a),  shaded  area  shows  the  region  where  the  S/N 
of  a  coder-decoder  pair  is  guaranteed  to  satisfy  the  existing  G.712  S/N  limit  even 
til  the  worst  case.  The  point  P  on  the  curve  corresponding  to  Eq.  (7)  provides  the 
desirable  separated  values  which  maximize  the  permissible  margin  from  the  theoreti¬ 
cal  S/Nq.- 

In  the  contribution,  COM  SGXV1II  -  NO.  174,  the  point  Q  was  selected  for  the 
allocation.  Although  the  point  Q  can  provide  the  larger  margin,  the  end-to-end  S/.\ 
performance  cannot  satisfy  the  G.712  S/N  limit  in  the  worst  case  at  "any  input  level 
except  the  level  to  minimize  (g  -  f). 

The  allocation  method  described  above  enables  to  easily  obtain  the  required 
S/N  increase  from  the  G.712  S/N  limit  and  the  margin  for  manufacturing. 


2.  Numerical  examples  for  the  sinusoidal  measurement  (Method  2) 

Fig.  7(b)  shows  the  separate  specification  foF^^blTTT-Tavr^ncoding  obtained 
with  the  S/N  allocation  method  illustrated  in  Fig.  7(a).  The  required  S/N  increase 
is  2.3  dB  for  a  sending  equipment  and  3.4  dB  for  a  receiving  equipment.  The 
minimum  margin,  mg  and  is  2.7  dB  and  1  .6  dB,  respectively,  which  seems 
realizable  from  a  manufacturing  point  of  view.  In  this  figure,  the  end-to-end  S/S 
performance  in  the  worst  case  is  calculated  to  illustrate  that  any  combinations  of 
•ending  and  receiving  sides  can  meet  G.712  S/N  limit  at  any  input  level. 

In  Fig.  7(c),  the  separate  S/N  limits  obtained  above  are  applied  to  A-law 
encoding.  The  minimum  margin,  mg  and  mjj,  is  4.5  dB  and  2.5  dB,  respectively. 

The  end-to-end  S/N  performance  can  satisfy  G.712  S/N  limit  in  the  worst  case. 

Accordingly,  this  separate  specification  may  be  regarded  as  a  possible 
separate  standards  for  Method  2  common  to  both  JU  -law  and  A-law  encoding. 

3.  Numerical  examples  for  the  white  noise  measurement  (Method  l) 

When  the  cross. point  between  Eq.  (6)  at  the  input  level  to  maximize  (g  -  r)  and 
Eq.  (7)  at  the  input  level  to  minimize  (g  -  f)  is  selected  as  a  separation  point,  the 
resultant  minimum  margin,  Min.  (mg) .and  Min.  (m^),  is  too  small  to  realize  practical 
circuits  in  case  of  Method  1  .  It  is,  therefore,  necessary  to  change  the  values  of  the 
S/N  increase  from  the  G.712  limit,  depending  upon  the  several  input  levels  corres¬ 
ponding  to  the  edges  of  the  G.712  S/N  mask  (Figure  4/G.712).  Fig.  8(a)  shows  a 
separate  spe-ification  of  8-bit jjl  -law  encoding  for  white  noise  measurement.  The 
end-to-end  S/N  performance  in  the  worst  case  satisfies  the  G.712  S/N  limit  at  any 
input  level.  Minimum  margin,  Min.  (mg)  and  Min.  (mjj),  is  2.5  dB  and  1  .4  dB, 
respectively . 

For  A-law  encoding,  the  separate  S/N  limits  can  be  specified  in  a  similar 
manner.  Fig.  8(b)  is  an  example  of  separate  S/.N  limits  for  8-bit  A-law  encoding. 

The  separate  specification  guarantees  to  meet  the  G.712  end-to-end  S/N  limit  in  the 
worst  case  at  any  input  level.  However,  from  a  manufacturing  point  of  view,  it  seems 
•xtremely  severe  to  clear  this  separate  specification  at  low  input  levels  where  mini¬ 
mum  margin,  Min.  (mg)  and  Min.  (mjj),  is  approximately  3  dB  and  2  dB,  respectively. 
Some  relaxation  may  be  necessary  in  this  case. 

According  to  the  numerical  examples  shown  above,  it  may  be  impossible  to  pro¬ 
vide  a  common  separate  S/N  limit  for  both/(/-law  and  A-law  encoding,  when  the  end- 
to-end  S/N  performance  for  any  combinations  between  sending  side  and  receiving  side 
la  required  to  satisfy  the  G.712  S/N  limit  (Figure  4/G.712)  at  any  input  level. 
Further  atudy  may  be  necessary  in  this  connection . 


(22) 


COM  XVIII-Sc 


''Theoretical  S/Nq 


g^  y 


-G.712  Spec- 


*  - - Input  level 

g  :  Theoretical  S/Nq  (dB) 

f  :  G712  Specification  CdQJ 

x  :  Sending  side  specification  (dBJ 

y  :  Receiving  side  specification  [dEO 

ms  ■  Margin  for  manufacturing  sending  equipment  [dQ 

mR :  Margin  for  manufacturing  receiving  equipment  (dgj 

H  :  Input  level  fciBmO) 


■  igure  c  -  Explanation  of  the  notation 


COM  XVIII-!)o 


(SP)  *pf*  butpuas  401  M/S 


Appendix  2 

i to  Annex  ^  to  Question  16/XVII*) 


Variation  of  gain  versus  incut  level  (noise  signal.  Method  il 
(Contribution  from  the  Italian  Administration' 


Particular  care  has  been  taken  when  analyzing  this  performance  because  the 
relevant  requirement  of  Recommendation  G.712  seems  to  be  very  stringent. 


Measurements  on  equipments  of  different  manufacturers  indicate  that 
Recommendation  0.712  is  complied  with  good  margins  down  to  input  signal  level  of 
-50  dBaO.  Conversely  the  margins  are  reduced  when  the  input  signal  levels  ere  less 
than  -50  dasO.  It  has  also  been  observed  that  Recommendation  G.712,  concerning  gain 
versus  level,  with  sine-wave  signal  (method  2}  is  less  restrictive  than 
Recommendation  0.712  with  noise  signal  (method  1);  in  fact  the  following  table  holds 
true  : 


Level 

(d3s0) 


Margin 

with 

sine-wave  signal 


Margin 

with 

noise  signal 


-60 

-55 

-50 


(not  specified) 

>  2  dB 

>  0.7  dB 


1  dB 
0.5  dB 
0.5  dB 


Margin  *  Recoeseendat ion  G.712  mask  minus  theoretical  gain  variation. 


On  the  basis  of  these  considerations  a  computer  simulation  has  been  carried 
out  in  order  to  reach  "reasonable"  separate  limits  valid  for  the  send  side  and  the 
receive  side,  respectively. 


It  will  be  possible  tc  deduce  from  the  following  discussion  that  the  simple 
division  by  two  of  the  present  Recommendation  G.712  leads  to  ~n  excessive 
requirement  on  the  accuracy  of  the  decision  and  reconstruction  levels. 


At  signal  levels  lower  than  -55  dBsQ,  it  is  difficult  to  set  separate  limit; 
in  view  of  the  extremely  coarse  quantization  of  these  signals.  Moreover,  at  these 
levels  no  limits  are  set  by  Recosendation  G.712  for  signal  tc  quantizing  distortion 
ratio. 


For  the  above  reasons,  no  separate  limits  for  gain  variation  have  been 
considered  for  input  levels  lower  than  -55  d£=0. 

Send  side 
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In  accordance  with  the  general* trend  expressed  is  Cl'  that  sore  stringent 
lisits  should  be  applied  to  the  receive  side  than  to  the  send  side,  it  has  been 
assured  that  a  *5  5  tolerance  is  on  the  reconstruction  levels  C decoder!  and  that  ihe 
deeision  levels  (encoder!  are  at  nominal  values. 

The  histograss  obtained  fres  the  -50  and  -55  dBsO  input  signals  are  shews 
in  Figure  A2.  On  the  basis  of  such  histograss  the  following  sash  C receive  side  oaly! 
has  been  drawn  : 
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Final  remarks 


The  separate  performance  limits  proposed,  appear  adequate  for  equipment  of 
reasonable  complexity. 

It  can  be  noted  that  the  separate  limits  proposed  for  tests  with  noise 
signals  are  still  more  severe  than  those  proposed  for  tests  with  sine-wave  signals. 

It  seejs  reasonable  to  consider  a  statistical  approach  in  defining  separate 
limits.  In  fact,  a  worst-case  analysis  could  easily  lead  to  the  practical 
impossibility  of  dividing  the  limits  of  Recommendation  G.712  between  send  and  receiv 
sides.  As  an  example,  Figure  AU  depicts  the  worst  cases  of  gain  versus  level  for 
send  side  only  ©  ,  receive  side  only  ©  and  end  to  end  ©  .  To  obtain  the  curves 
of  Figure  Kh  the  decision  levels  +  1,  ♦  2,  +  3,  +,  *<  have  been  assumed  to  be  10  % 
smaller  than  nominal,  while  the  reconstruction  levels  ♦  1,  +  2,  +  3,  ±  •»  have  been 
assumed  5  t  greater  than  nominal. 

Obviously  this  case  does  not  satisfy  Recommendation  G.712  neither  for  end 
to  end  nor  for  the  3end  side  alone,  the  probability  of  this  case  being  nevertheless 
negligible. 
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QUESTION  17/miI  -  Characteristics  of  PCM  multiplexing  equipment  and  other 
terminal  equipments  for  voice  frequencies 
{Continuation  of  part  of  Question  "i.K'illl,  studied  in  l977-l-'fe0 

consi  d-.-ri  uk 

that  recent  progress  in  «*qu:p:n'*:i!  !■*  nr  -*•  :1  an  n*fti ntenane*'  phjl'* 
studies  itu gist  result  in  a  need  for  mouificaticn  of  the  present  Recommendations  or.  PCM 
multiplexing  equipment; 

that  studies  on  en-  .'ding  methods  of  speech  and  voice-hand  signals  other  than 
PCM  and  also  studies  on  higher  order  PCM  multiplexing  equipment  might  result  in  a  need 
for  recommending  new  terminal  equipments  for  voice  frequencies; 

a)  What  modifications  to  existing  Recommendations  0.731-733  and  0 . t L t  should  oe 
made  ? 

b)  What  new  terminal  equipment  should  be  recommended  for  voice  frequencies 
other  tnan  those  recommended  in  Recommendations  0.732,  0.733  and  G.Tkl  1 

Hote  :  Coding  parameters  for  analogue-to-digital  conversion  processes,  other  than  PCM, 
will  be  studied  under  Question  7/XVIII. 


QUESTION  1 8 /XVI II  -  .Characteristics  of  digital  multiplex  equipment  and 

multiplexing  arrangements  for  telephony  and  other  signals 

(Continuation  of  part  of  Question  3/XVIII,  studied  in  1977-1980) 

considering 

that  the  introduction  of  large-capacity  digital  transmission  systems  as  well 
as  wideband  encoders  for  video  signals  may  require  Recommendations  on  higher-order 
hierarchical  levels  and  associated  digital  multiplexing  equipment; 

that  octet-interleaved  synchronous  multiplexes  may  find  wider  or  more 
flexible  applications  in  digital  networks; 

that  the  progress  in  the  digital  network  structure  studies  may  result  ir.  the 
modification  of  the  present  Recommendations  or.  digital  exchange  terminals  or  definition 
of  new  multiplex  arrangements  between  exchanges; 

what  new  or  modified  arrangements  or  characteristics  for  the  following 
applications  should  be  recommended  ? 
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-  digital  multiplex  equipment  using  justification; 

-  synchronous  digital  multiplex  equipment; 

-  multiplexing  arrangements  and  related  characteristics  to  be  used  betveer. 
digital  exchanges. 

In  particular,  the  following  specific  points  require  study  : 

Point  a)  -  What  modification  is  required  in  the  existing  Recommendations  relevant  to 
digital  multiplex  equipment  using  justification  techniques  (G.7l*2,  G.7-3,  etc.)  7 

Point  b?  -  What  higher  order  or  non-hierarchical  digital  multiplex  equipment  uiir.r 
justification  should  be  recommended  (see  Question  19/XVIII)  ?  In  particular  : 

1}  above  the  fourth  order  at  139261*  Kbit/s 

25  above  the  third  order  at  32061*  or  1*1*736  kbit/s 

Point  e$  -  In  defining  the  specifications  pertinent  to  points  a)  and  b>  above,  should 
provisions  be  made  to  multiplex  the  n-th  order  signals  directly  to  (n*m)-th  order 
(m  *  25  ? 

Point  d)  -  What  modification  is  required  in  the  existing  Recommendations  relevant 
to  synchronous  digital  multiplex  equipment  and  multiplex  arrangement  for  use  with 
digital  exchanges  (G.731*.  G.735,  G.736,  G.737,  G.738,  G.739  and  G.?!<6)  ? 

Point  e)  -  What  new  Recommendations  are  required  in  the  area  of  point  d)  above  7 

Point  f)  -  What  conditions  could  be  set  concerning  the  use  of  service  bits  defined  in 
the  multiplex  frame  structures  ? 

Note  :  If  interfaces  should  be  specified  for  access  to  these  bits,  reference  should  be 
made  to  the  studies  undertaken  under  Question  3/XVIII. 
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QUESTION  19/XVIII  -  Network  aspects  of  existing  and  new  levels  in  the 
digital  hierarchy 

Considering 

a!  that  the  digital  network  is  expected  to  expand  both  in  the  trunk  ana  the 

local  area; 

b)  that  services  other  than  telephony  and  data  will  have  to  be  accommodated  in 
the  netvork  and  are  expected  to  share  the  facilities  to  be  provided; 

c)  that  new  technological  development  may  enable  efficient  use  to  be  made 
of  existing  and  new  transmission  media; 

d)  that  the  introduction  of  new  services  may  require  tne  provision  of  new 
levels  in  the  digital  hierarchy. 

1.  What  levels,  if  any,  in  the  digital  hierarchy  should  be  defined  in  addition 
to  those  already  recommended  by  CCITT  ? 

2.  What  should  be  the  basic  characteristics  of  multiplexes  (transmission 
capacity,  frame  structure,  service  and  maintenance  facilities  to  be  incorporated), 
which  will  serve  as  a  basis  for  the  subsequent  studied  directed  as  establishing 
recommendations  for  equipments  ? 


Note  1  :  When  new  hierarchical  levels  are  defined,  account  should  be  taker,  of  (e.g. 
their  possible  use  for  various  services). 

Note  2  :  The  characteristics  of  digital  line  and  radio  sections  are  studied  under 
Question  11/XVIII. 


(to  Question  19/XVIII) 

Summary  of  the  study  performed  during  the  1977-1980  study  period 
concerning  digital  transmission  of  sound  program^,  signals 


Various  proposals  for  digital  transmission  of  sound  programme  signals  are 
summarized  in  Table  1.  It  is  noted  that  this  Table  is  only  for  information  purpose. 

The  Appendix  gives  the  reply  to  CMTT  concerning  digital  transmission  of 
sound  programme  signals. 
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;<  to  Question  19/XVIII) 


rj^_i  concerning  gisital  transmission  of 
sour. i- ::  r  orranie  signals 


1,  Introduction 

In  Oclsyed  Contribution  P  of  Study  Croup  XV lit  (draft  revision  of 
Report  6t7/CVTT!  C'TT  **►»  Study  Croup  XVIII  several  questions  relating  to  the 
digital  transBission  of  sound  proaraswe  signals.  These  question;  ate  found  ir. 

Annex  1  of  the  Document  P  /  Ct*TT/30l(Rev.l)_7, 

The  questions  relate  to  item*  which  ar.e  at  present  under  study  in 
Study  Croup  XVIII.  Consequently  this  •‘ecument  is  an  ir.terin  reply  ar.d  further 
inf' — nation  will  be  forwarded  when  it  la  available. 

i.  Specific  answers 

i)  Error  rate,  error  distribution,  etc. 

These  factors  and  their  subdivision  among  various  parts  of  the  total  networb 
are  currently  being  defined  In  Question  1/XV1II.  Secoasendatior.  G.321  gives  the 

results  of  the  studies  tc  date.  " 


iij 


Access  to  the  network 


a)  The  cumber  of  sound  progra=e  circuits  required  or.  international  connections 
is  generally  supposed  to  be  scalier  than  primary  level  digital  path  capacity  which  is 
equivalent  to  thirty  or  twenty-four  voice  channels  Consequently,  is  the  cage  or 
digital  sound  prograaoe  transmission,  it  seems  tc  oe  very  advisable  to  standardise 
terminal  station  arrangement  which  will  allow  the  cost-effective  joint  U3e  of  the 
primary  level  digital  paths.  For  this  application,  the  gross  bit  rate  of  a  digitised 
15  kHz  sound  prograrce  signal  of  391*  kbit/s  s*ess  adequate  to  Study  Group  XV-II. 
access  to  the  primary  level  should  be  either  through  a  new  electrical  interface  or 
through  an  existing  201*3  or  151*1*  kbit/s  interface  (cf.  Recossendacion  G.703). 

b)  Where  the  entire  primary  level  digital  path  is  dedicated  to  a  r.caber  of  sound 
channels  the  access  may  be  at  the  primary  bit  rate.  The  gross  bit  rate  of  a  digitised 
15  kHz  sound-pro graaae  channel  my  be  38b  kbit/s  (5  channels  in  20bB  kbit/s,  1*  channels 
in  15bb  kbit/s).  However,  in  the  case  of  20b8  kbit/s  hierarchy,  it  could  be  reduced 
below  33b  kbit/s  in  order  to  provide  6  channels  on  one  20b8A  kbit/s  digital  path. 

In  the  latter  case  it  could  be  necessary  to  define  a  frame  structure  of  the 
20b8  kbit/e  signal  different  fraa  that  recommended  in  Becoms  i  n  lat  ion  G.732. 


asynchronous  access 


case  ii  Ca) 


«::ere  the  primary  multiplex  level  shared  with  other  services  such  as 
telephony  or  data,  the  access  ic  the  pr inary  nay  he  synchronous  with  the 

ip* -X.  :nis  *iii  ^ead  to  — ov— cost ,  single— channel  basis  digital  interconnect i 
including  switching  or  suit! -Junction  ^tveen  t we  >r  sore  priaary  digital  paths. 


signals  tc 

3*  tr.e  central -clccfc,  ^odir^r*  ional  ir  contradict ionai  interface  as 


synchronize  sound  programs  codecs 
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In  the  case  where  the  introduction  ;f  syncnrontzat .  'r.  in  iig.tal  networks  :s 
unlikely  to  be  geared  to  tne  needs  of  digital  sound  frogrvtne  trsr — -s.on  and  taking 
into  account  the  evolution  towards  a  synchronous  network,  the  access  to  the  primary 
level  should  be  in  such  a  way  as  to  allow  asynchronous  operation  using  justification 
technique. 


The  content  of  a  digital  signal  at  38-  kbit/s  should  be  defined,  which 
includes  a  small  amount  of  spare  capacity  for  housekeeping  functions  including  tne 
justification  information  (not  sere  than  a  few  kbit/s). 

Study  Group  XVIII  shall  define  a  multiplexing  -ethod  for  synchronous  ac*ess 
(which  will  not  sake  use  of  this  spare  capacity  for  justification)  and  for  asynchronous 
access  (which  does  sake  use  of  the  spare  capacity). 

The  systes  concept  envisaged  is  given  in  Figure  1.  Study  Croup  XV!!!  will 
decide  later  if  a  new  digital  interface  should  be  specified  or  not. 

It  is  expected,  that  tne  clock-frequency  inaccurracies  of  the  encoder  and  of 
the  parts  of  the  network,  in  the  case  of  asnehronous  access,  will  not  be  sore  than 
♦  50  p]B  each. 

b)  in  case  ii  (b)  : 

Since  a  coaplete  primary  level  is  used,  the  access  need  not  be  synchronous 
with  the  rest  of  the  network.  If  switching  in  the  digital  code  of  sound  progra=e 
channels  is  envisaged,  slip  will  occur  unless  the  total  network  ineolved  is 
synchronized. 

iv)  Tariff  principles 

Tariff  principles  are  not  the  responsibility  of  Study  Group  XVIII. 
y )  Aspects  of  multiplexing  and  network  synchronization 

CCITT  has  reccancnded  in  Recojzmer.dat ion  3.611  that  the  international  digital 
links  should  be  operated  in  a  plesiochror.ous  manner  with  reference  clock  of  very  high 
accuracy  (ID-1*).  This  implies  that  the  national  networks  are  either  fully  synchronous 
or  plesiochronous  with  the  same  accuracy. 

It  is  pointed  out  that  a  slip  rate  of  1  slip  in  70  days  per  plesiochronous 
interconnection  is  the  resulting  theoretical  slip  rate,  taking  into  account  clock 
accuracies  according  to  Hecosaendation  C.Bll  only.  However,  account  should  also  be 
taken  of  practical  network  characteristics  encountered  under  normal  operating  conditions 
even  where  synchronized  national  networks  remain  synchronized.  As  a  guide, 
draft  Recosser.dat  ion  G.822  for  a  6**  kbit/s  end-to-end  connection  (suitched  or 
permanent),  mentions  suggested  value  of  1  slip  in  5  hours. 


Digital  sound  prograrEe  channel  interconnection  c 
frequency  adaptation  if  the  terminal  stations  belong  to  the 
Dimple  frequency  adaptation  by  means  of  slip  technique  is  p 
shut  ions  belong  to  different  synchronous  networks  with  the 
in  Recccsendat icn  -3.911. 


an  be  realized  without 
same  synchronous  net v 
emitted  if  the  term  in 
clock-accuracy  as  spec 


any 

erk. 


al 
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;ij*-ev*.*r  ,  ir.  4  he  5]  ut  ion  towards  • 
likely  be  opera: -d  a*,  lover  clock  accuracies 
and  .1.733  (5  x  10"'’}.  Ir.  inis  case  the  scan: 
ail  asynchronous  interconnecting  points,  or  ■ 
interfaces. 


i:is  situation  the  terminal  station  sill 
as  specified  by  Reconmendai i  ms  0.731 
programme  signal  should  be  Justified  at 
he  interconnection  should  le  at  analogue 


it  is  noted  that  th»  above  synchronous  interconnection  applies  without  any 
restriction  as  long  as  the  Telecommunication  Administrations  are  responsible  for 
terminal  station  including  encoding.  In  the  event  that  encoding  should  become  the 
responsibility  of  the  Broadcasting  Organizations,  it  is  only  applicable  if  their  clocks 
are  in  synchronism  with  that  in  the  network  of  the  Administration  concerned. 


5  KHz  channel  is  indicated 
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Lst  of  Questions,* 
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Examination  of  the  Questions  drafted  by  Study  Groups  III,  IV,  VII,  XI,  XV] 
sad  XVIII  reveals  that  each  Group  intends  to  study  various  aspects  of  the  ISDN.  In 
order  to  avoid  overlapping  and  possibly  conflicting  results  the 

Vllth  CCITT  Plenary  Assembly  agreed  that  the  areas  of  responsibility  for  the  study 
of  ISDN  should  be  assigned  as  follows  : 


Assirtn  to  : 


1. 


2. 


U. 


Services  and  facilities  interpretation  and  coordination  XVIII 

{taking  into  account  the  requirements  identified  by 
Study  Groups  I,  II,  III  and  VII). 

General  ISDN  aspects  and  guidelines,  quality  of  service,  XVIII 

numbering,  performance  targets,  maintenance  principles 
and  miscellaneous  subjects  not  more  specifically 
identified  (taking  into  account  the  requirements  of 
Study  Groups  I,  II,  IV,  VII,  XI,  XVII,  and  CMBD). 

Note  :  It  is  considered  that  Items  1  and  2  above  are 
of  high  priority. 

Digital  transmission  standards  and  performance  {local  XV/XVIIJ 

and  inter-exchange).  The  study  of  hypothetical 

reference  connections  is  in  the  competence  of 

Study  Group  XVIII,  the  study  of  hypothetical  reference 

digital  paths  is  in  the  competence  of  the  specialised 

Study  Groups  of  CCITT  and  CCIR,  the  study  of  reliability 

and  availability  is  to  be  coordinated  by  CMBD. 

Note  :  Also  of  interest  to  CCIR. 

Switching  aspects  and  parameters  (taking  into  account  XI 

the  requirements  identified  by  Study  Groups  VII,  XVII 
and  XVIII). 

Note  :  In  the  case  of  mixed  mode  switches  (e.g.  ISDN 
circuit  and  packet )  other  Study  Groups  will  also  be 
consulted. 

Inter-exchange  signalling  system  (Message  Transfer  Part  XI 

(HTP)  and  appropriate  User  Pert ( s ) )  (taking  into  account 
the  requirements  identified  by  Study  Groups  VII  and  IX). 

Sufcserioer-exchange  signalling  system  (taking  into  XI 

account  the  requirements  identified  by  Study  Groups  I, 

II,  VII  and  XVII  and  coordinated  by  XVIII  -  see  Item  2). 
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Assign  to  : 

Subscriber-network  interface 

i) 

Interface  B 

XI 

ii) 

Interface  A  -  Voice  services 

XI 

iii) 

Interface  A  -  Non-voice  services  • 

VII /XVI I 

iv) 

Interface  A  -  Alternate  voice/data 

VII/XI/XVII 

jvte  :  Close  collaboration  between  Study  Groups  VII,  XVII 
i.nd  XI  will  be  required  to  ensure  compatibility  between 
*s  ii),  iii),  iv)  and  the  subscriber  signalling 

system  identified  in  6. 

Interworking  (inter-service  and  inter-network) 

i) 

Data 

VII 

ii) 

Telex 

IX 

iii) 

Telephone 

XI 

iv) 

Data  over  the  telephone  network 

I/II/XVII 

v) 

Teletex 

I /VIII 

vi ) 

Facsimile 

I/VIII 

Note  :  Collaboration  between  the  Study  Groups  referred 
to  above  will  be  required  to  ensure  compatibility  in  the 
carriage  of  the  various  services  on  ISDN  and  other 
networks . 

Digital  telephone  instrument 

XII 

Tariff  aspects 

III 

-  V= 


KMlilttlJ  n.lliiibilMiHil'Jil'jii 


_  t 

—  I 

com  xvru-i;o.  i-e 


*  ®  CClTT-JJ»*0 


LEGEND 


ST 

Subscriber  terminals 

NT 

Network  termination 

LT  - 

Line  terminal 

SET  - 

Subscriber  line  exchange 
termination 

— '!♦— 
iii 

Functional  interfaces  A,  B, 

*—C— • 

Subscriber  line  transmission 

Figure  1  -  Possible  functional  interfaces* )  in  digital  local  access 


*) 


"Interface"  -  "a  concept  involving  specification 
rage  69 }  Orange  Book ,  "Definitions" 


the  interconnection 
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